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Publishers Letter 


Earth Hour ~ a flawed concept 


On the evening of March 31st 2007, Sydneysiders 
have been invited to turn off their lights for one hour, 
to demonstrate the deleterious effects of outdoor 
lighting on the night sky and to draw attention to 
energy conservation and reduction of greenhouse 
gases. The idea was put forward by the World 
Wildlife Fund. On the face of it, this is a great idea. 
As with just about every major city in the world, 
Sydney unnecessarily radiates vast amounts of heat 
and light up into the stratosphere every night. 

Outdoor lighting is just the visible component of 
that waste and if we can do it on one night, even if 
only briefly, it might set a precedent which could be greatly extended. If building 
owners, businesses and ordinary residences can be persuaded to cut unnecessary 
outdoor lighting, we will cut energy wastage and also allow people to become 
a little more familiar with Sydney’s spectacular bight skies. After all, the vast 
majority of the population would not be able to identify the Southern Cross or 
any of the far more prominent constellations. 

However, while the idea of Earth Hour is good, the timing of it is just silly. 
Earth Hour is supposed to run from 7.30-8.30pm. But 7.30pm is not long after 
sunset on that evening so it will not be totally dark at that time. Worse still, the 
Moon rises at 5.41pm that evening and at that stage of the month, it is only two 
days away from full moon. So any effect of sky darkening by turning lights off 
that evening will be largely negated by a big bright moon. Perhaps the WWF and 
the other promoters of Earth Hour should have consulted with Sydney Observa- 
tory before putting the idea forward! The ideal time to have Earth Hour would 
have been to run from say 9.00-10.00pm (if indeed, it has to be confined to one 
hour) and to have it about time of New Moon. That way we could have a much 
better appreciation of the effect of cutting outdoor lighting. 

In the meantime, if you want to get the effect yourself, just take a trip some 
100km away from major cities and towns anywhere in Australia and then you 
can see a real dark sky, with all the beauty of the firmament fully revealed. 


Longwall mining: an environmental disaster 


In writing last month’s editorial commenting on Ziggy Switkowski’s report on 
nuclear power, I was conscious that there was very little on the environmental 
hazards of coal mining in the report. I thought that these should have been em- 
phasised if Switkowski was really trying to promote nuclear power. In fact, I 
went looking for reports on the environmental impacts of open-cut ¢oal mining 
but could find little that was really controversial. 

However, just after I wrote that editorial, I was referred to the release of anew 
report on longwall coal mining in NSW, commissioned by the Total Environment 
Centre. Entitled, “Impacts of Longwall Coal Mining on the Environment in NSW”, 
it sets out the appalling damage to rivers, creeks and the water table in general 
which occurs when longwall mining is performed. Furthermore, it details the 
damage to Sydney’s water catchment at a time when the NSW government should 
have been doing everything possible to ensure Sydney’s water supply. 

But the blame cannot be all sheeted home to the mining companies. Their 
activities are permitted by the NSW government, at the same time as it has col- 
lected hundreds of millions of dollars in mining royalties. Frankly, it makes all 
the NSW government’s announcements and policies relating to the State’s water 
resources seem utterly hypocritical. You can download the complete report 
from www.tec.org.au 

For those opposed to the burning of fossil fuels in power stations, to coal 
mining and the export of coal, it is damning evidence and another factor which 
is favourable to the future generation of nuclear power in Australia. 


Leo Simpson 
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Powerful enough to 


detect interest. 


The Navy's fleet of ANZAC 
Frigates are equipped with the 
latest very long-range 


surveillance radar, 


Wade Barker 
Navy Electronic Technician 


y A When a piece of equipment fails it 


i Le UM certainly is challenging, because theres a / 
-Oles The power output of the ANZAC's search radar 
requirement to get it up and running in the equates to over 300 microwave ovens 
, / 
shortest amount of time possible, oy / 
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Marine Technician me l 
Heg > ay and to order your free CD ROM, call 13 19 01 or visit www.defencejobs.gov.au 
(Mechanical or Electrical) 


4 A ORS 
J My 


Aviation Technician - Aircraft You'll be paid a great wage while you train with You'll enjoy all sorts of . 

a guaranteed job when you finish. Starting on $25,400p.a., benefits like free medical MO) 
Aviation Technician - Avionics you'll earn over $46,500p.a. after training. You'll also and dental, subsidised 

receive a $9,300p.a. seagoing allowance. meals and accommodation. 


Call 13 19 O1 or visit www.defencejobs.gov.au 


MAILBAG 


A simple approach to 
radiator fan switching 

I read with interest your article on 
the automotive temperature switch in 
the January 2007 edition. 

I recently upgraded a 1986 car to 
electric radiator fans to improve fuel 
economy and make the engine quieter. 
The way I got the fans to turn on and off 
was simple. J attached a circuit breaker 
(Altronics S-5595) to the radiator and 
used that to toggle a standard 12V 
automotive relay (Altronics S-4339). 
The circuit breakers come in different 
temperature set points and have built- 
in hysteresis. 

Rob Clark, 

via email. 


Comments on the Intelligent 
Car Air-Conditioner Controller 

[liked the Intelligent Car Air-Condi- 
tioner Controller project in the January 
2007 issue. My suggestion is to add 
an extra function that switches on the 
air-conditioner every now and again 
during the winter months when the 
air-conditioner is not being used 

I have been told that the air-condi- 
tioner should be switched on for short 
periods during winter to ensure that 
the rubber seals don’t dry out and then 
leak. This extra feature may then save 
you the cost of replacing the seals and 
recharging the refrigerant gas. 


Not all battery-less 
torches are fakes 

Your correspondent Roger Forsey 
(SILICON CHIP, January 2007) must 
have been unlucky with his battery- 
less torches. I have bought three of 
them in various sizes but from auto 
parts shops. They have all worked 
well, with the larger one holding its 
charge and being able to shine its 
light at the push of the switch and 
with no further shaking. 

In all of them, the “magnet” 
worked remarkably well, to the point 
where it would hold a teaspoon in 
mid-air despite the thickness of 
the torch case through which the 
magnetism had to work. Indeed, I 
cautioned my grandsons to keep the 
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Other than having to change the 
software to add this feature, the circuit 
would also need to be changed so that 
+12V power would be connected to 
the NO contacts of both Relay1 and 
Relay2. The NO contacts would need 
to be connected to the connection be- 
tween the air-conditioner Fuse and the 
air-conditioner relay (or switch). 

Roderick Wall, 

via email. 


Source for cartridge styli 

Inoted that Rodney Champness was 
having difficulty sourcing styli for 
the Philips RF5 Stereogram (Vintage 
Radio, January 2007 issue). He could 
try www.garage-a-records.com. They 
have just about every component for 
any turntable. I use them for the oc- 
casional turntable repair. 

Pudney & Lee in Wellington, NZ, 
may also be able to help. 

lan McPherson, 

via email. 


Partner wanted for 
electronics development 

I am a Mechanical Design Engineer 
and my business/hobby is the devel- 
opment of new ideas. I currently have 
one about to be commercialised and 
several on-going. 

One idea under development in- 
volves programming a chip and dis- 


magnet away from credit cards! 

A Google search under “battery- 
less torches” will reveal several 
battery torches, all modestly priced. 
The best that I have found, and a 
friend brought me four back from 
Hong Kong, is the compact, hold-in- 
the palm-of your-hand model which 
is operated by just squeezing the 
pistol grip on the underside. This 
model holds its charge well and is 
much easier to operate than those 
wind-the-handle things. 

I gave up on the solar panel jobs; 
you can’t recharge them if they are 
in the glove box or in the bedside 
table drawer. 

John Richardson, 

West Pymble, NSW. 


playing information on a screen for 
an exercise device. The concept has a 
novel twist and can be used on most 
exercise machines and I have been lent 
one by a local manufacturer/importer, 
who is interested in incorporating the 
idea into their machines. 

My knowledge on this ‘subject is 
limited, so I’m looking for a partner 
to develop the electronics, so that we 
can produce it. A brief search suggests 
the idea is novel (ie, patentable) and 
development would be on the basis of 
their part ownership and income from 
sales at a later stage. 

If you live around the Tea Tree Gully 
area in South Australia, have the skills 
and this project interests you, please 
email me tony.rossiter@voice.net.au 
and I will outline the idea to you per- 
sonally, under a confidentially agree- 
ment, so that you can decide. 

Tony Rossiter, 

via email. 


Holden airship 
is actually a balloon 

The article on the Holden/display 
airship in the December 2006 issue 
was very interesting. I have been a keen 
follower of lighter-than-air ships ever 
since I was a kid back during WW2. 

There are three basic kinds. First, 
there are dirigibles, which have a 
complete frame with the gas bags 
inside and an outer skin over the 
frame. Zeppelins and the US Navy’s 
Shenandoah-Class airships were of 
this kind. Then there are the blimps, 
which have a half-frame in the lower 
portion of the torpedo-shaped body. 
The most famous of these are the three 
Goodyear blimps. 

Then there are balloons which have 
no frame at all. Examples are the Mont- 
golfier Brothers’ pioneering balloon, 
one of the very first to fly, then the hot 
air balloons of today and of course, the 
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Adjustable hysteresis for 
Battery Controller 

| read the article in the December 
2006 issue on the 12/24V Battery 
Isolator with enthusiasm. Over 
the years I have made up many of 
the original EA 1992 Low Voltage 
Cut-Out kits for myself and fellow 
campers. That kit is reliable and 
solves the problem of over-discharg- 
ing the battery. 

However, I have always been 
troubled by the fact that it draws a 
constant 70mA or so for as long as 
the relay is energised. With devices 
like refrigerators becoming more ef- 
ficient both in terms of the current 
drawn and how much of each hour 
is taken up with the “on” duty cycle, 
that current drawn by the cut-out 
is becoming more significant, even 
if only psychologically so. As you 
correctly observe, every microamp 
is indeed precious. 

This new controller could be 
just the bee’s knees as a superior 
replacement, not only because of its 
negligible current drain but also its 
robust current capacity. However, 
it appears that, in the low-voltage 
protection mode, it has almost no 
hysteresis. If set to drop out at say, 
10.5V, it would cut back in again 
at 11.1V. 

Even with a modest load of 2A 
or 3A, the device would cut out at 
10.5V and the battery voltage would 
almost immediately drift up to con- 
siderably more than the 11.1V cut-in 
voltage. It would cycle thus, with 
possible bad effects on the iridge etc, 
until the battery was finally drained 
enough to not drift up much. This 
isa problem we experience with the 
standard cutouts found on some 12V 
refrigerators over the years. 

The EA kit has an adjustable hys- 
teresis, so you can have the control- 
ler cutting out at 10.5V to 11.5V and 
the cut-in happening at say 12.9V. 


famous barrage balloons which flew 
over cities in wartime. These barrage 
balloons were large and tethered by 
strong cables and were there to inter- 
fere with low flying aircraft. 

Contrary to the statement in the 
article indicating it was either a diri- 


siliconchip.com.au 


This is an effective solution. Can 
we add this capability to the new 
controller? 

John Keitley, 

via email. 

Comment: we referred this question 
to the designer, Branko Justic, at 
Oatley Electronics. His reply is as 
follows. 

The hysteresis of the voltage sens- 
ing comparator of the L4949 IC is 
around 8%, which corresponds to 
0.8V at a battery voltage of 10.5V. 
As pointed out, this may not be suf- 
ficient in practice, 

A simple way to increase the 
hysteresis would be to add a series 
resistor and diode combination 
between the input pin of the com- 
parator (2) and the open collector 
output pin (7). 

With this in place, when the bat- 
tery voltage is high the open-collec- 
tor transistor is off and the voltage 
is pulled high (+5V). The additional 
diode is reverse-biased so this net- 
work would not have any effect on 
the voltage at the voltage-sensing 
comparator. 

However, when the battery voltage 
falls below the lower set limit, the 
open-collector transistor is turned 
on and the series resistor/diode 
combination would add extra load- 
ing between the comparator input 
pin and ground. This means that 
the battery voltage would have to 
rise to a higher figure before cut-in, 
amounting to increased hysteresis. 

With a series 1N4148 diode and 
43kQ resistor combination con- 
nected between pins 2 & 7 of the 
14949 IC and with the cut-out volt- 
age set to 10.5V, the cut-in voltage 
was 12.9V, We will modify our PC 
boards to make provision for these 
components and include a note with 
our kits. 

Branko Justic, 

Oatley Electronics Pty Ltd. 


gible or a blimp, the Holden airship is 
actually a balloon. It has no internal 
structure or frame and the gondola 
is attached in the standard balloon 
manner, suspended by a set of cables 
from the gas bag. The main difference 
between a barrage balloon and this air- 


Atmel’s AVR, from 
JED in Australia 


JED has designed a range of 
single board computers and 
modules as a way of using the 
AVR without SMT board design 


The AVR570 module (above) is a way of 
using an ATmega128 CPU on a user base 
board without having to lay out the intricate, 
surface-mounted surrounds of the CPU, and 
then having to manufacture your board on 
an SMT robot line. Instead you simply layout 
a square for four 0.1” spaced socket strips 
and plug in our pre-tested module. The 
module has the crystal, resetter, AVR-ISP 
programming header (and an optional JTAG 
ICE pad), as well as programming signal 
switching. For a little extra, we load a DS1305 
RTC, crystal and Li battery underneath, 
which uses SPI and port G. 

See JED's www site for a datasheet. 


AVR573 Single Board Computer 


A 


This board uses the AVR570 module and 
adds 20 An./Dig. inputs, 12 FET outputs, LCD/ 
Kbd, 2xRS232, 1xRS485, 1-Wire, power reg. 
etc, See www.jedmicro.com.au/avr.htm 


$330 PC-PROM Programmer 


This programmer plugs into a PC printer 
port and reads, writes and edits any 28 or 
32-pin PROM. Comes with plug-pack, cable 
and software. 


Also available is a multi-PROM UV eraser 
with timer, and a 32/32 PLCC converter. 


JED Microprocessors Pty Ltd 


173 Boronia Rd, Boronia, Victoria, 3155 
Ph. 03 9762 3588, Fax 03 9762 5499 


www.jedmicro.com.au 
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Mailbag: continued 


3-phase motors 
have excellent torque 

I’ve worked extensively with the 
application of 3-phase induction 
motors in industry and I don’t agree 
with the comments of correspondent 
Jeff Jones (December 2006 Mail- 
bag) who says they have poor start 
torques. Induction motors started 
direct on line (DOL) have excellent 
start torque characteristics — typi- 
cally locked rotor start torques are 
more than twice the motor full load 
torque. This start torque remains 
reasonably constant until the motor 
approaches its running speed, where 
the torque delivered by the motor 
reduces to match the load. 

I agree that reduced voltage start 
methods decimate the starting tor- 
que (start torque varies as the square 
of the voltage). 

Even with DOL starting, high- 
inertia start loads can trip you up. A 
classic example for us was the appli- 
cation of centrifugal blowers. They 
often have a small aerodynamic load 
due to low air volumes but a high 
mechanical inertial load due to a 
large diameter but narrow rotor. 

Motor size is traditionally estab- 
lished from the aerodynamic load 
and this means the run up period 
to full speed can be long — and with 
a typical start current draw of 5-7 
times the full load current, they 
had a tendency to trip their thermal 
overloads. This was usually solved 
by using electronic overloads with 
an adjustable run up time. 

I like your editorials which take 
an honest and straightforward look 
at the state of things. There is an eye 
on waste and sustainability which is 
good. So why the extensive feature 
on the airship in the December is- 
sue? It may be technically interest- 
ing but is an unnecessary and an 
expensive waste of resources for no 


ship is the rigid tail fins with control 
surfaces. 

I was quite surprised at the state- 
ment that the gondola was built on a 
steel frame, as this would be nearly 
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real purpose other than to serve as 
a floating billboard. 

If you believe we need more 
invasive exposure to advertisers 
then I’ve misjudged you. I frankly 
don’t see any point in its existence. 
You lead the way in asking why 
car manufacturers now add frills 
and not enhanced performance and 
economy to their cars and yet in the 
same breath laud this thing. 

Iread your article on cheap battery 
drills and like a man enlightened I 
rushed out to purchase new batteries 
for my favourite (and ailing) drill. 
Now repacked, 1 look to the smart 
charger and well... phew! It’s pretty 
clever but isn’t it really applying a 
hammer to crack a nut? 

Why not just charge the drill at the 
trickle current and leave it at that? 
OK, it takes 20-30 hours to fully 
charge but if you can leave it on all 
the time then it is likely to be fully 
charged and ready when you need it. 
So it goes flat part-way through that 
job? If you are like me, I wouldn't 
wait even three hours for a drill to 
recharge, Pd curse, go to the garage 
and drag out a lead and power drill 
and finish the job. 

OK, that wouldn’t suit a trades- 
man but they wouldn't use these 
cheap drills anyway. I’m talking of 
the home handyman. 

The extensive kit development 
you do for cars is fascinating but the 
thought of dissecting my car’s dash 
facia to fit any of them is scary. 

Andrew Buchanan, 

via email. 

Comment: we agree that we don’t 
need any more advertising but we 
thought the technical story of the 
airship was of interest. 

We realise many people would 
be reluctant to break into their car's 
wiring but we believe that we should 
show what is possible. 


twice as heavy, for the same strength, 
as aluminium/magnesium alloy fram- 
ing. I don’t know of any other lighter- 
than-air vessel with steel in the struc- 
ture except where its use is unavoid- 


able; eg, as support for the engines. 
And in many designs this too is made 
from forged aluminium alloy. 

The Montgolfier balloon was lifted 
by methane, which is only one third 
as dense as air (but easily available 
in those days). Helium is 1/10th and 
hydrogen 1/20th as dense as air. 

The only suitable lifting gas for 
dirigible airships is hydrogen. The 
US Navy’s attempts to use helium in 
their dirigibles saw all five quickly 
lost in storms at sea —all of them came 
down with the loss of all life. Helium 
is simply too dense to lift that kind 
of weight. 

Blimps have a limited weight-car- 
rying capacity, even with only half 
the frame of a dirigible, due to the 
limitation of using the higher density 
gas, helium. 

Pure hydrogen is perfectly safe; it 
cannot explode unless contaminated 
with oxygen (as will all flammable 
gases) and will just burn if there is 
a fire. No Zeppelin other than the 
famous Hindenberg ever crashed or 
was lost. 

The Zeppelins were truly huge. 
Their scale was unimaginable — they 
carried many fully furnished cabins, 
a ballroom, dining room, galleys and 
nearly everything an ocean-going 
luxury cruise ship would have. It was 
— even built of aluminium — a massive 
amount of weight but was lifted with 
lots of capacity remaining by hydro- 
gen-filled gas bags which at cruising 
altitude occupied less than half the 
interior of the ship. 

Too bad that since the Hindenberg’s 
destruction, hydrogen is not preferred 
for lifting airships, even though it is 
not really a serious danger or problem 
— in fact it is easier to contain than he- 
lium, the “escape artist” of the gases. 

Bear Stanley, 

Atherton, Qld. 


Audio tones can cause 
clocks to gain time 

With respect to the letter in “Ask 
Silicon Chip” in the December 2006 
issue, the writer is quite correct in 
that AFIC (Audio Frequency Injection 
Control) tones which are used for off- 
peak, street light and tariff switching 
can affect digital clocks. 

This usually happens when the 
tones exceed 20V and the clocks race 
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due to multiple zero crossings during the tone burst. 
This can be from minutes to hours, depending on the 
level. The injected level is usually set to between 3V and 
10V superimposed on 240VAC. The signal rises, usually 
due to the area in question being supplied by a feeder 
that consists of a long length of overhead cable with an 
underground subdivision at the end. This can create a 
resonant circuit at the control frequency which then acts 
as a voltage doubler. 

John O’Brien, 

via email. 


Remote Telltale for Garage Doors 

I have a comment regarding the microswitch arrange- 
ment for the top & bottom limits on the door track shown 
on the inset photo on page 59 of the Remote Telltale for 
Garage Doors in the January 2007 issue. The arrangement 
shown assumes that the door is going to stop in the same 
position each time it reaches its upper and lower limits, 
which is not always the case, particularly if the door is 
manually raised and lowered. 

A better arrangement would be to orientate each switch 
at 90° to the inset shown whereby the switch activator 
points towards the door and a sprung follower is attached 
to the door to activate the microswitch. An éven better 
arrangement would be to install a magnet and reed switch 
which requires no mechanical contact. 

If your house has a security system that protects the 
garage doors, the door magnet could activate the addi- 
tional reed switches when the door reaches its upper or 
lower position. 

Mal Land, via email. 

Comment: we did not envisage that this project would be 
built for a door that was manually operated. However, your 
comments on manually-operated doors are quite valid. 


RME equipment search 
I would like to hear from anyone who used to work 
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Professional AM-FM Monitor Receivers 


Complete Broadcast Studio Off-Air 


RM R-0 1 Monitor Receiver System with 


Composite Output, Audio Distribution and Alarms 
RRR-01 Versatile AM-FM Receiver 
240 V AC and 12 V DC Operation 
Composite Output - Re-Broadcast - MATV Systems 
Tunnel Repeaters - Radio News Rooms - Pre Select 
up to 32 Mixed AM - FM Stations via.RS-485 Control 


Optional Model PSS-01 Wired Controller Available 
Ideal AM Receiver for use in Remote Locations 


S M R-0 1 Scanning Monitor Receiver 
Monitoring of up to 8 Mixed Remote 
AM - FM Services - Failure Report by FAX 
For Details and Price, please contact us at 
ELAN Phone 08 9277 3500 
AUDIO Fax 08 9478 2266 
2 Steel Court. South Guildford email sales@elan.com.au 
Western Australia 6055 www.elan.com.au 


for a company called RME that used to be in Sydney and 
made broadcast equipment for radio stations. 
Specifically, I am looking for the plans/PC board lay- 
outs, or even original boards, for the 451M1 LED Level 
Monitor they used to make. Ultimately, if someone has a 
complete unit, I would be most interested in buying it but 
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LOCTITE 


Since 1939 
Multicore has 
been the 
world leader 
for soldering 
materials 


Prime Electronics, their sole 
distributor in Australia, carries 
extensive stock of most 
Multicore products in both 
Tin/Lead and Lead-Free. 

This includes Solder Wire, 
Solder Paste and Gel £ Liquid 
Flux. 


Prime Electronics is also the 
sole Australian distributor for 
Loctite® electronics products, 


Contact 
Prime - Sydney (02) 9704 9000 
Prime - Brisbane (07) 3252 7466 
or email us: 
sales@prime-electronics.com.au 


Wl tice 
Mut 
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Electrical licensing is still a 
bureaucratic mess 

I’m writing in regard to the electri- 
cal wiring license debate which will 
very soon raise its head once again. 
As a frequent magazine buyer, I read 
many of the responses a few years 
ago from SILICON CHIP readers and 
can only agree with the readers and 
look in disbelief at the unreasonable 
electrical licensing rules, especially 
those in Queensland. 

As you may be aware, 2007 could 
be scheduled for a review of the 
Electrical Safety Act in Queensland 
which was last written in 2002, since 
it has been five years since the last 
publication. 

I’m writing to give an indication 
to you and the other readers as to 
the difficulty in becoming a licensed 
electrical worker in Queensland 
from my own experience. 

Throughout my university stud- 
ies, completing a Bachelor of Electri- 
cal & Computer Engineering, I was 
working part-time at a small TV 
radio repair shop as an electronics 
technician repairing TVs, consumer 
electronics and audio-visual equip- 
ment for around 20 hours per week. 
This work was supervised by an 
experienced and restricted licensed 
technician and has continued on 
a part-time basis despite having a 
full-time engineering position since 
completion of my studies. 


board layouts would be the next best. 
Please contact me at happydayradio@ 
hotmail.com. 

S. Williamson, 

via email. 


Safer method for discharging 
microwave oven capacitors 

I read with some awe the descrip- 
tion of how to discharge a high-volt- 
age capacitor in the December 2006 
issue, on page 94. A dead short on a 
fully charged capacitor is foolish, very 
frightening and almost as dangerous 
as leaving it fully charged. The cor- 
rect way to deal with it is much less 
spectacular: a resistor of about 1kQ, 


Mailbag: continued 


When I first began my engineering 
position I was required to confirm 
my ability to perform some wiring. 
My position does require me to 
construct prototypes and test electri- 
cal components for use in designs 
which involves a disconnect/recon- 
nect licence. 

Prior to approaching the ESO in 
Queensland about a licence, I had 
read the current Safety Act and 
noticed a clause which is still cur- 
rent, stating that a person does not 
require an electrical license for the 
performance and supervision of 
electrical work as part of practising 
the person’s profession as an electri- 
cal engineer. 

I contacted the ESO to confirm 
my understanding of the clause. I 
obtained many varying responses 
which did not give me any confi- 
dence in my understanding of the 
clause before I eventually spoke to 
the head of licensing at the time who 
I explained my position and work 
to and was informed that the work 
I was doing is covered by the clause 
although the clause would not cover 
my second job as a technician. 

This led me to apply to obtain a 
restricted electrical license in order 
to continue the technician work. 
Applying for a license requires 
completion of forms which require 
details, evidence of a trade or call- 
ing requiring an electrical license, 


well insulated (eg, contained within a 
plastic box), connect one side solidly 
to ground (as one side of the capaci- 
tor is usually grounded, through the 
transformer secondary winding and 
often a high-voltage fuse), and con- 
nect the other side to each side of the 
capacitor in turn. 

Use something like a high voltage 
screwdriver as pictured in the article, 
and tape a good quality multimeter 
probe to it. There should be a small 
arc if there is any charge in the ca- 
pacitor. 

Be aware that if the high voltage fuse 
has blown, you will need to connect 
directly across the capacitor but try 
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JP-signed evidence of CPR qualifica- 
tions and paying the prescribed fee 
for processing. 

Several weeks passed without a 
response before eventually getting a 
letter stating that an electrical engi- 
neer is not a trade or calling that re- 
quires an electrical license and that 
my application was rejected. I then 
obtained a number of letters from my 
employer as evidence of my require- 
ment to perform electrical work and 
resubmitted my application. 

Many weeks passed before getting 
another lot of paperwork from the 
ESO containing a training permit 
stating that I would have to complete 
at arelevant TAFE college a number 
of courses and sign-off from an elec- 
trical worker of my competence to 
perform the required electrical work. 
My electrical engineering degree, 
according to the ESO, means noth- 
ing for the purpose of obtaining a 
license. 

I eventually found a TAFE college 
that permitted me to sit fortherelevant 
exams and practical competency 
tests, saving me around $1600 norm- 
ally required in fees to enrol in the 
appropriate courses. After eventu- 
ally having completed all examina- 
tions for the license, a completion 
statement of my competence in 
electrical wiring was sent to the ESO 
for me to obtain the license. The ESO 
managed to lose the relevant docu- 
mentation several times, delaying 
the process by a further two months 


the ground method first. This is MUCH 
safer and then you can go directly 
across the capacitor. Refer to the WES 
components Microwave Oven Servic- 
ing Manual for further information. 
There are 2'/, pages of safety notes, 
quite a few of which are applicable to 
those recycling the bits. 

I service electric fence energis- 
ers and need to discharge the dump 
capacitors, typically 30uF to 120uF 
charged up to 900V through a mains 
doubler or tripler circuit. ĮI use a simple 
pair of multimeter probes with eight 
5604 0.5W resistors in series within 
the probe bodies (four in each). The 
probe tips are long enough that I can 
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before I finally obtained a licence. 

As you may appreciate, the pro- 
cess for obtaining a licence is ex- 
tremely difficult and frustrating. I 
believe that electronics technicians 
should be issued with the license as 
part of their trade and that electri- 
cal engineers should have a com- 
plete unrestricted electrical work 
licence. 

Don’t get me wrong, I do not 
believe some electrical engineers 
after completion of their studies 
are competent at performing wiring 
but... they should be. Punishment 
should be on unsafe wiring rather 
than based on relevant licensing. 

The ESO appear to have the rules 
in place for ensuring business and 
economic growth for electricians 
and have no regard for electrical 
engineers, electronic diploma gradu- 
ates, technicians and DIY hobbyists 
that simply want to construct elec- 
tronic circuits for their own use. 

The unrealistic stand the ESO has 
taken on licensing and the unbeliev- 
able difficulty in obtaining a license 
is unacceptable. I very much hope 
that some serious changes are made 
to the Electrical Safety Act before the 
next amendment is published. 
Name and address supplied but 
withheld at the writer’s request. 
Comment: the Queensland bureauc- 
racy continues to amaze with their 
ongoing stupidity with regard to 
electrical licensing and safety. The 
other states are not much better. 


short them together after about five sec- 
onds, just to make sure the capacitor 
is discharged. There is enough energy 
in these capacitors to destroy the tip 
of a screwdriver. 

With regard to microwave trans- 
formers, it is easy to cut off the exist- 
ing secondary (with a hacksaw and 
cold chisel combination) and wind a 
new low voltage secondary on it. OK, 
maybe it will not be pretty or 99% 
efficient but the primary winding is 
generally well protected and it is a big 
impressive-looking heap of iron. 

David Walters, 

David Walters Electronic Services, 

Dubbo, NSW. 


11S designed especially for 


electronics professionals. 


Introducing the new U1252A DMM from Agilent 
Technologies, the world leader in Test & 
Measurement. The U1252A comes with... 


— Dual simultaneous measurements 
— 4.5 digit resolution on both displays 


— 0.025% Basic DCV accuracy; True RMS AC 
measurements 
— Dual temperature; Capacitance 10nF to 100mF 


— 20MHz Frequency Counter; Maths Functions 

— Programmable square-wave generator 

— Rechargeable battery, backlit LCD display 

— Free PC connectivity software for data-logging 
(optional cable required) 

— Built tough and retiable 

— Calibration certificate included 

— 3 year Australian warranty 


Luo. 


¿and at a very affordable price! 


Model U1251A 
Model U1252A 


$586 + GST 
$641 + GST 


Download product brochures, view online 
demos, and purchase online at 

Www. measurement, net.au. Agilent’s new 
handhelds are distributed Australia-wide by 
Measurement Innovation. 


Tet: 1300 726 550 


www. .measurement.net,au 
info@measurement, net, au 
oY Agilent Technologist :measuroment [INNOVATION 


Li Artie Deir 
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Silicon. One of the Earth’s most prolific substances, yet so important in 
our 21st century lives — from computers to disc technology - and glass. 


ar from simply being a see- 
| ers flat sheet, these days 
glass is often shaped and ‘value- 
added’ to suit many applications. 
You would know glass can be pro- 
duced to block or reduce heat, glare or 
noise (or a combination of all three). 
It can be tinted, it can be one-way, 
it can be patterned. But these days, 
thanks to the humble PC, glass can be 
so much more. 
Much of the glass enhancement 
would be infinitely more labor-inten- 


sive, expensive and complex — in fact, 
may not even be possible to produce 
— without computers. 

Here we look at a major glass sup- 
plier’s use of computers to help manu- 
facture some unique products. 

DMS Glass in Melbourne is one 
of the largest glass enhancement 
manufacturers, producing products 
that we often see but usually don’t 
appreciate the technology employed to 
make it, Like not being able to see the 
wood for the trees, glass is traditionally 


something you look through, not at. 

DMS Glass’s vast plant has made 
glass for sites like the Olympic Games 
facilities at Homebush, Hong Kong 
Airport, Crown Casino, Rialto tower, 
Melbourne Entertainment Centre, 
Melbourne Museum and Flemington 
Racecourse, to name a few. 

Just some of the products they make 
include laminated (toughened) glass, 
ballistic (bullet-resistant) glass and 
Digiglass, a laminated, printed glass 
invented in Australia. 


SE AS 


ES 


= The convention Centre at Darling Harbour, Sib has DMS 

| Enviroshield laminated glass in the large picture windows. 

~ This product was chosen for its excellent heat control 
properties and high light transmission. 
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Each manufacturing step (and in- 
deed the whole plant) is controlled 
by ‘mid-weight’ PCs or higher-power 
specialty computers. This results in 
some huge machinery controlled by 
modest size computers. 


Toughened glass 


Toughened glass is manufactured 
by exposing ordinary annealed glass 
to extremely high temperatures in 
an oven prior to entering a chilling 
chamber. 

This process induces stresses with- 
in the glass that enhance the panel’s 
strength by approximately five times. 
A PC controls the speed, time and 
temperature of the glass when it is in 
the various phases of the toughening 
plant. 


Laminated glass 


Laminated glass is manufactured by 
inserting a Poly Vinyl Butyral (PVB) 
interlayer between two sheets of glass, 
with the clean-room environment 
ensuring blemish-free glass. 

The assembled glass is transferred 
to an oven and roller press (to force 
out any trapped air) via an automated 
roller system. Computer sensors detect 
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the glass movement, with a PC control- 
ling the production-line flow. 

The laminated glass is exposed 
to temperature and pressure in an 
autoclave to finalise the bond. When 
laminated glass has more than two 
glass panes, a PVB interlayer is placed 
between each glass layer. 


Stopping a bullet 


Ballistic glass is a laminated glass 
with multiple layers of glass and in- 
terlayers, designed to remain intact 
after attack by bullet, hammer, axe or 
similar weapon. This glass is also used 
for prison windows. 

Some ballistic glass is designed to 
maintain integrity against blast. It is 
manufactured in accordance with 
Australian/New Zealand Standards 
AS/NZS 2343. 

The thickness and quantity varies 
depending on the ballistic threat level. 
No one ballistic glass is suitable to 
meet all levels of ballistic threat and 
therefore a ballistic glass designed to 
protect against a 9mm pistol threat is 
considerably thinner than glass de- 
signed to withstand a .357 Magnum. 

Part ofthe AS/NZS 2343 compliance 
requirements are that the sample glass 


This is the result 
of a high-powered 
weapon shot. The 
glass is marked, 
but still intact. 
Ballistic glass is 
laminated glass 
or multiple layers 
of glass and 
interlayers that 
vary in thickness 
and quantity 
depending on the 
ballistic threat 
level. 


By Kevin Poulter 


panels are shot three times within a 
set spacing with no ‘spall’ fragments 
penetrating a paper backing. 

I attended a number of ballistic glass 
tests, in a discrete underground firing- 
range in Melbourne’s suburbs. Few 
neighbours would know that below 
a small factory, firearms are used for 
tests or training most of the time. 

The glass resisted the best efforts 
with all kinds of firearms, with bullets 
and axes not managing to open a hole. 
There was plenty of cracking but there 
was no way that anyone could enter a 
building protected by this glass — even 
when the number of shots exceeded 
test parameters. 

Blast-resistant glass is far more 
challenging to develop, due to the 
uncertainty ofthe size and position of 
the bomb, plus the associated forces. 
Extensive, detailed tests are carried 
out to design a glass capable of with- 
standing the worst case example. 


Digiglass 

DMS's own printed and laminated 
Digiglass is an amazing product. The 
industry historically has never been 
very inventive at decorating with glass 
but this medium has certainly opened 
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Very little glass is either cut or 
processed by hand these days. The 
human operator has been replaced 
by PC consoles in nearly all aspects 
of order entry, glass cutting, edge- 
working, drilling, laminating, CNC 
precision notching, toughening and 
water jet cutting. It's staggering to see 
the impact of computers within the 
DMS 60,000 square metre factory and 
the glass industry in general, in the 
last ten years. 


The internationally patented Digiglass process digitally prints images directly 
onto a specially formulated PVB interlayer with compatible inks which are 


resilient to UV fading The digitally printed interlayer is then laminated between 
glass panels, encapsulating the image between glass, protecting the image for 


the life of the panel. 


up whole new areas — memorials, 
mausoleums, decorating skylights, 
features in walls or entire cladding of 
buildings. 

DMS glass international Market- 
ing Manager, Gerard McCluskey and 
inventor of Digiglass, said “We are 
continually taking the product into 


Toughened glass is manufactured by exposing ordinary annealed glass to 
extremely high temperatures in an oven prior to entering a chilling chamber. 
This process induces stresses within the glass that enhance the panel’s strength 
by approximately five times, compared to annealed glass. The PC controls the 
speed, time and temperature of the glass when it is in the toughening plant. 
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new areas, where glass has never been 
before”. 

“Our role is creating an understand- 
ing of what its capabilities are. Histori- 
cally glass has always been perceived 
as a product that keeps out the wind 
and rain. Now with the latest tech- 
niques and manufacturing processes, 
it can achieve a lot more.” 

Five years ago, screen-printing or 
adhesive films were used to place 
images on glass. The adhesive method 
was high maintenance and deterio- 
rated quickly. 

The solution was simple in concept, 
if not in the development. For years, 
DMS has added a film lamination to 
the centre of glass, for strength or UV 
control. Then in a stroke of inspira- 
tion, Gerard McCluskey experimented 
with adding ink-jet print onto the 
interlayer. 

McCluskey continued: “We ran 
some experimental prints and got a 
fantastic result, so I thought ‘what are 
we onto here!’ There were problems 
with adhesion, because the inks con- 
taminated the surface of the interlayer, 
so another uncontaminated interlayer 
was placed on top. Now with two 
uncontaminated interlayer surfaces 
against the glass, we achieved very 
good adhesion.” 

The rest, as they say, is history. 

The internationally-patented Di- 


siliconchip.com.au 


Glass orders from perhaps many 
customers are loaded on a PC for 
‘optimisation’, for the lowest-waste 
layouts. This is a vital step in effic- 
iency and economy. The computed 
data is fed to the cutting table at right. 


giglass process consists of digitally 
printing images directly onto a spe- 
cially formulated PVB interlayer 
with compatible inks, resistant to UV 
fading when glazed externally. The 
printed interlayer, in high-resolution 
full colour, is then laminated between 
Grade-A safety glass panels, encapsu- 
lating the image and protecting it for 
the life of the panel. This technology 
is now sold around the world. 

McCluskey is excited with the Di- 
giglass versatility. “The beauty of our 
product is we can produce a panel 
today and replicate it in 10 years time 
for whatever reason. If it needs to be 
replaced we can make a copy, or even 
change the colours or tonings to match 
it to the latest surroundings.” 

DMS established worldwide patents 
but not possessing the international 
clout to rebuff copycat interlopers, 
engaged DuPont to market the product 
outside Australia and New Zealand. 

Now buildings and features such 
as the Memorial to the Canberra 
Bush Fires and many in USA feature 
Digiglass. 


How it’s done 

A graphic artist makes the image 
graphic file on a PC, then the file is 
loaded into a DMS PC for formatting. 
Graphic file sizes can be as large as 
1GB. Once formatted for production, 
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A diamond-tipped wheel zips around the glass at great speed, cutting the 


shapes. A sheet of glass is easily moved on the table, as air is fed through a 
pattern of holes, making the glass ‘float’ easily on command. When in the 
correct position, the airflow is reversed, with the suction holding the glass 
firmly in place. Some tables rise to vertical, vertical storage of the glass until 


ready for shipment. 


the data is forwarded by cable to a very 
large ink-jet printer deep in the fac- 
tory. Even the inkwells make a home 
printer seem tiny! 

The image or pattern is printed 
onto the interlayer film, in a dust-free 
environment. Specially developed 
proprietary inks and interlayers are 
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used in combination to offer the ideal 
adhesion, resolution, and dimensional 
properties needed. 

The printed film is then taken to 
the laminating-room, a clean room 
with a multi-million-dollar computer- 
controlled laminator. 

Being PC generated, last-minute 


SY _ 


~ 


Some glass is cut by a high-pressure jet of water. Water jet cutting of glass is 
a relatively new innovation and is extremely efficient when cutting multi-ply 
glass laminates or complex shapes. Again, the process is controlled by a PC. 
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changes and previews, such as four different color versions 
of the same image for comparison, are no problem. 

Applications are as varied as the imagination — even 
bus shelters, where Digiglass creates a feeling of openness 
and cleanliness, while still offering people a good view of 
approaching buses or people. 

Even vandalism seems to have been reduced — as soon 
as Digiglass started putting images within glass, less panels 
needed replacement. Perhaps it was because the glass was 
now telling a story, it had a theme or had a pictorial image 
and was no longer something simple to be destroyed. 


Beauty and brains. 


Digiglass is visually dramatic and beautiful, plus just as 
strong and practical as any glass. The product meets AS/NZ 
2208 Grade A Safety Glass standards. 

A very successful but initially unanticipated application 
is Digiglass images in laminated glass memorial products. 
The product has been recognised by DuPont in the Austral- 
ian and New Zealand Innovation Awards, as a finalist in 
the Construction and Architecture category. 

The walls in the lift at the new Mercedes Benz Mel- 
bourne showroom are Digiglass, displaying their notable 
sports cars. Located in South Melbourne, the showroom 
is predominately a steel and glass structure, designed to 
convey the sense of quality associated with the automo- 
biles on display. 

The outside of the building is DMS Enviroshield Sun- 
ergy Clear Heat Strengthened Laminate. The 12.76 mm 
laminated glass, which incorporates XIR 72-74 film by 


En 
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Southwall Technologies, created a neutral colour, energy- 
efficient product with exceptional solar and thermal control 
properties. 

The glass has an exceptionally high light-transmission of 
72% to maximise daylight, while offering increased comfort 
and superior reduction in solar heat gain (0.47 solar heat 
gain coefficient) and minimising outside noise. 

Glass is a very unforgiving product. It is unlike any 
other building product. It’s brittle but it’s probably the 
most hard-working and long-term building product; one 
that needs very little maintenance. When processed for 
strength, it’s suitable for stairs and walkways, or even for 
armored vehicles. 


Computing power 

Until the 1980s all glass processing, including cutting 
and edging, was done by hand. The skills of the tradesmen 
had to be at a very high level but now, with advances in 
computers and electronics, hi-tech methods of cutting and 
edging glass are employed. 

One area where PCs now save time and money is op- 
timisation. For best efficiency and economy, the ‘jigsaw’ 
shapes of a number of orders are placed into a computer 
program and the best use of the available sheet-glass area 
is plotted. 

This enables the biggest sheets of glass to be cut into 
shapes for two, five or even ten different customers. 

The computer optimising application can reduce the 
off-cut factor down to a minimum, with a waste factor of 
5% regularly achieved. 


The fully automatic glass lamination process. In the white room 
environment, which ensures cleanliness and a blemish-tree glass 
finish, glass is asseñ 
then transferred to an Oven and press via an automated roller system, 
controlled by computer sensors detecting the glass movement. 


led either side of the PVB interlayer. This is 
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Most often the large sheets of glass 
are cut into customer-ordered oblongs 
but any conceivable irregular shape 
can also be cut. To order irregular 
shapes (for example a peanut-shape 
tabletop) designers supply a precise 
template in wood. 

The template is photographed, 
then goes into a CAD system. If out of 
square or irregular, shapes and dimen- 
sions can’t be taken, a probe is used to 
touch multiple points, automatically 
sending data back to the computer 
and rapidly creating the overall panel 
dimensions. 

The optimised and shape data is fed 
into the cutting and/or hole-cutting 
machines’ computers. 

Cutting and hole drilling is achieved 
either on a rapid diamond-cutter, the 
immensely powerful water-jet cutter 


Precision drilling of glass is vital for accurate installation of fittings such as 

or hole drill. With the latter, holes are handles, hinges, etc. All processing of glass must be completed prior to the 
drilled from both sides at the same toughening process as once toughened it is considered a finished product. These 
time, to avoid burrs and chipping  computer-driven drilling, notching and routing machines offer pinpoint accuracy. 


(known as ‘shelling’). 

With the table-type glasscutter, a single operator 
can glide a huge sheet of glass into position with 
ease, thanks to a cushion of air. 

A multitude ofholes, all about the size of drinking- 
straws, are fed air under the glass. This enables the 
operator to ‘glide’ the heavy glass into position. 

Then the air is evacuated, holding the glass firmly 
and precisely in place. 

While their hole-cutting CNC machines make a 
complete cut, the shape ‘cutting’ tables only score 
the outline, so most glass-cutting tables now have 
automatic breakout capabilities. An air-driven foot 
pump activates bars that rise up underneath the 
scored glass, to push the cuts apart. Some tables 
rise to vertical, allowing glass to be stored vertically, 
until ready for shipment. 


Tracking the glass 

Large manufacturing plants need to track orders 
to ensure timely completion, schedule production, 
optimising and capacity planning. DMS glass has 
introduced a barcode system, so each step is ‘read’ 
on completion and automatically recorded into the 
server’s files. 

Heat treatment will dislodge the barcode, so at 
a number of stages, the stickers are removed and 
subsequently replaced with new stickers after treat- 
ment. 

The advantages of barcoding are many, such as 
quick reordering a part if it does not pass inspec- 
J tion and maximis-ing the output and efficiency of 

oe 3 Bees! ee 53 production machinery. 
r d E eal N i | Computers are integral right through the manufac- 
turing process and even include DMS glass delivery. 
Digiglass to depict vehicles of various eras in the showroom lift. As the trucks make their way to the clients, they 


The Digiglass mural only requires routine cleaning, as the image is aTe monitored on screen by a Global Positioning 
protected within the laminated glass. System! SC 


The recently-finished Mercedes Melbourne Car Showroom chose 
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Want to program the ignition timing on your 
car? Now you can, with this completely new 
design. It can be used in older cars which 
presently do not have electronic ignition or 
used as an “interceptor” for cars with engine 


management systems. 


UR PREVIOUS Programmable 
Ignition was originally published 
in March 1996 and proved to be a very 
popular project with readers, This was 
subsequently updated as the Program- 
mable Ignition Timing (PIT) Module 
in the June and July 1999 issues of 
SILICON CHIP. 
The updated PIT module included 
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a basic 2-step advance curve and a 
1-step vacuum advance that changed 
the timing according to engine load. 
In operation, it was used to control the 
High Energy Ignition design from the 
June 1998 issue. 

This latest Programmable Ignition 
from SILICON CHIP is far more advanced 
in features and its ability to produce 


an accurate advance curve. It is also a 
complete stand-alone ignition system 
that is triggered by an engine position 
sensor and then drives the ignition 
coil. It can be triggered from one of 
many sensors in a distributor, includ- 
ing points, reluctor, Hall effect, optical 
trigger and the 5V signal from the car’s 
Engine Control Unit (ECU). 

In order to measure engine load, 
the Programmable Ignition can use a 
Sensym absolute pressure sensor. In 
fact, provision has been made to mount 
this sensor directly on the PC board, 
the sensor then being connected to the 
engine manifold via plastic tubing. 

Alternatively, you can connect the 
ignition circuit to an existing manifold 
pressure sensor if present. This is 
commonly called a Manifold Absolute 
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Pressure (or MAP) sensor and is found 
on many cars these days. You could 
also use a secondhand MAP sensor 
from an auto wrecker. 


Changing the timing 

A fully effective ignition system 
needs to increase the timing advance 
with increasing RPM and to alter the 
timing according to engine load — all 
with a fair degree of precision. Addi- 
tionally, some means to detect deto- 
nation (knock) and retard the timing 
would be an advantage. In this way, the 
ignition can be advanced further than 
would otherwise be possible without 
knock sensing. 

This latest SILICON CHIP Program- 
mable Ignition incorporates all these 
features. What’s more, there is an op- 
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tion to select between two separate 
ignition-timing curves using a switch. 
This option is ideal if you are running 
both petrol and gas, where a different 
timing curve is required for each type 
of fuel, 

Fig.1 shows the complete system. It 
comes in four modules: an LGD Hand 
Controller, a Programmable Ignition 
Timing (PIT) module, an Ignition 
Coil Driver module and a Knock Sen- 
sor module. The first three modules 
are mandatory, while the fourth, the 
Knock Sensor module, is optional. 

The heart of the system is the Pro- 
grammable Ignition Timing module, 
based on a PIC16F88-E/P micro. It is 
programmed by the LCD Hand Con- 
troller and it delivers a signal to the 
Ignition Coil Driver, The latter, as its 
name suggests, then drives the igni- 
tion coil. 


LCD Hand Controller 


The LCD Hand Controller is simi- 
lar to the one featured in our book 
“Performance Electronics for Cars”. 
It was originally designed for setting 
up the Digital Pulse Adjuster, Digital 
Fuel Adjuster and Independent Boost 
Controller projects featured in that 
book. 

The Hand Controller is used dur- 
ing the initial setting-up procedure. 
It plugs into the main unit and can be 
used while the engine is either run- 
ning or stopped. It is then normally 
disconnected from the main unit after 
all adjustments have been made. 

Using the Hand Controller, you can 
set all the initial parameters and also 
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Fig.1: this diagram shows the 
four main modules used in the 
Programmable Ignition System. 
The LCD Hand Controller is used 
only during the initial set-up. 


program the ignition advance/retard 
curve. Several pushbutton switches 
on the Hand Controller enable these 
changes to be made. 


Knock sensor 


The optional Knock Sensor mod- 
ule enables “pinging” to be sensed 
and the ignition timing retarded for a 
brief period. In brief, engine pinging 
is monitored by the Knock Sensor and 
the Programmable Ignition Timing 
(PIT) module for the first 6ms after 
each spark. However, at high RPM, 
there is less than 6ms between each 
firing and so knock signal monitoring 
is done between each spark and the 
start of the next coil dwell period. 

When engine knock is detected, 
the timing is retarded for the next 10 
sparks. The amount of retardation 
varies according to the severity of the 
knock signal. More details on this are 
given in the specifications. 


Different uses 


The Programmable Ignition can 
be used either as an interceptor or 
for fully mapped ignition timing. In 
the interceptor role, it can vary the 
existing ignition timing by advancing 
or retarding it from its current value 
—ie, it can be used to alter the timing 
signals from the car’s ECU. 

Alternatively, when used to com- 
pletely replace the existing ignition 
timing, you will need to obtain the 
advance/retard curve for your vehicle 
so that the entire timing curve can 
be produced by the Programmable 
Ignition. For some vehicles, you may 
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1° or 0.5° adjustments 
Dwell adjustment 


engines 
Two debounce settings 
High-level or low-level triggering 


Advance and retard adjustment over a wide range 

Plug-in LCD Hand Controller for adjustments 

Hand Controller LCD shows values and settings for adjustment 
Suitable for single-coil ignition systems with a distributor 

Can be used as a timing interceptor or as a replacement ignition 
Ignition timing mapped against RPM and engine load 
Interpolated values used for RPM and load values between sites 
Optional single map or dual timing maps 

Single map has 15 RPM sites x 15 engine load sites 

Dual maps each have 11 RPM sites x 11 engine load sites 


Knock sensing indication with optional ignition retard 
Suits 1 to 12-cylinder engines (4-stroke) and 1 to 6-cylinder 2-stroke 


Points, reluctor, Hall effect, digital signal or optical triggering 

Works with many pressure sensors (MAP sensors) 

Minimum and maximum RPM adjustments 

Minimum and maximum engine load adjustments 

Diagnostic RPM and load readings 

Add-on knock sensing unit (optional) 

Requires evenly spaced firing between cylinders. For V-twins, you will 


need two ignition systems and a separate trigger for each cylinder. 


be able to obtain the curves from the 
manufacturer. For other cars, you will 
need to plot out the existing curve and 
transfer the resulting timing map to the 
Programmable Ignition. 

Plotting out this timing curve is not 
hard to do and can, in fact, be done us- 
ing the Programmable Ignition system 
itself and a timing light. 

In practice, the ignition timing is 
mapped out in an array of either two 


RPMO Min RPM 
RPMI RPM2 RPM3 
4 } r) tary I 2 f y 


LOLAS 


_RPM Site 
Load Site 
Min load LOAD1_ 
_LOAD2 
LOAD3 
LOAD4 
LOADS 
LOAD6 
LOAD? _ 
‘LOADS 
LOADS 
LOAD10 _ 


Max load LOAD11 f 6 8.5 11 5 13 i£ 2i 2 Zt 12.5 
Table 1: these ignition advance values were measured for a 1988 2-litre Ford 


RPM4 


Z 200 


11-RPM by 11-engine load site maps or 
as a single 15-RPM by 15-engine load 
site map. Timing arrays (or ignition 
maps) are the most common method 
that car manufacturers use to set the 
ignition advance curve for both RPM 
and engine load. 

Mapping is a way of plotting the ad- 
vance curve as a series of steps rather 
than setting an ignition advance or 
retard value at every possible engine 


Max RPM 
RPMS RPMG RPM7T RPMS RPMI RPMIO RPM11 
2001 3400 800 420 1601 5000 


OU A 


26 


Telstar using a timing light and the Programmable Ignition itself. 
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RPM and load value. Thus mapping 
sets the ignition advance or retard 
values at specified preset points for 
both RPM and engine load. 

For example, we can specify the tim- 
ing advance to be 25° at 3000 RPM and 
28° at 3400 RPM. However, we do not 
specify individual values at 3100, 3200 
or 3300 RPM. Instead, the advance 
values at these RPMs are interpolated 
(ie, calculated), based on the values set 
for 3000 and 3400 RPM. 

At 3200 RPM, the amount of ad- 
vance is easily calculated because it 
is exactly in the middle between the 
3000 RPM and 3400 RPM sites. The 
advance change between 3000 RPM 
and 3400 RPM is 3° (ie, from 25° to 28°) 
and half of this is 1.5°. So the advance 
required at 3200 RPM is simply 25° + 
LI SLi 

Another calculation is required for 
engine load values that are in-between 
the specified load sites. 

For our Programmable Ignition, if 
you require two separate engine ad- 
vance curves then you need to select 
the 11x11 arrays. If only one advance 
curve is required, you then have the 
option of using a 15x15 array for 
greater accuracy. 

By the way, don’t confuse the igni- 
tion timing map with the MAP (mani- 
fold air pressure) sensor. They are two 
completely different things. 


Plotting the timing values 


We used the Programmable Ignition, 
the LCD Hand Controller and a timing 
light to plot out the ignition timing 
values for a 1988 2-litre Ford Telstar. 
We'll describe exactly how this is done 
in some detail in a later article. 

The resulting timing vs RPM values 
were tabled (‘Table 1) and then plotted 
using Microsoft Excel. These files will 
be available on our website so that 
you can use the tables and edit the 
values (just by wiping over the values 
and rewriting them) to suit your car’s 
engine. It is not really necessary to 
use Excel though and you can just as 
easily use a pencil and piece of paper 
to draw out the map instead. 

Fig.2 shows the ignition timing 
versus RPM and engine load from 
1000-5000 RPM. Since we have 11 
RPM sites, each RPM site covers a 
span of 400 RPM. 

RPMO0 is an extra site and is shown 
covering the range from 0-1000 RPM. 
The RPMO wording is shown on a dif- 
ferent line because it is not an actual 
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RPM site and cannot be adjusted. It 
has the same values as RPM1. 

RPMO is shown because it explains 
what the advance curve is below the 
minimum RPM1 site while the en- 
gine is being started. The same thing 
happens for RPM above RPM11. In 
this case, the advance remains at the 
RPM11 values. 

Engine load is shown with LOAD1 
as the minimum engine load while 
LOAD11 is the maximum engine load. 
LOAD1 is usually accessed when the 
engine is on overrun while LOAD11 
is usually accessed under acceleration 
or when the caris climbing a hill. The 
load values were measured using a 
second hand pressure sensor from 
an automotive wrecker. These were 
then converted to load values ranging 
from 1-11. 

The curve can be plotted in three 
dimensions showing RPM, load and 
ignition advance. If you use our Excel 
file, then the curve will be automati- 
cally replotted when ever a value is 
altered. 


Using the Hand Controller 


As mentioned above, the Hand 
Controller is used to enter the settings 
and to enter the ignition map. The 
values are displayed on the 2-line 16- 
character LCD screen. There are eight 
direction pushbuttons, a Run/View 
pushbutton and a Reset. 

The Reset switch is recessed to pre- 
vent accidental activation. Itis used to 
return all mapped advance or retard 
values to 0°. The eight direction push- 
buttons alter the values and can con- 
figure the display to show the different 
settings or a different load site. 

Finally, the Run/View pushbutton 
only works in the Timing mode. This 
mode is selected using a jumper link 
on the Programmable Ignition Timing 
Module. 


The Timing mode has four possible 
display modes, selected by pressing 
the Run/View pushbutton. It selects 
one of four modes — called SITE, FULL, 
DIAG and VIEW -in cyclic fashion. 

Each display mode shows a slightly 
different aspect of the mapping sites. 
One feature in common is that they 
all display the MAP and the current 
advance or retard value on the top line, 
although there is a difference in the 
displayed value as we shall see. 

When the 11x11 maps are selected 
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Fig.2: this 3-dimensional graph plots ignition advance against engine 
RPM and engine load as an 11x11 array — ie, 11 Load sites and 11 
RPM sites. Note how the ignition advance increases with RPM and 
decreases with higher engine load. The graph here was produced for a 


1988 2-litre Ford Telstar. 
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Fig.3: this 3-dimensional graph is also for a 1988 2.0-litre Ford Telstar 
but this time the ignition advance is plotted against engine RPM and 
engine load as a 15x15 map (300 RPM per site). 


(from the settings mode), the display 
will show either MAPa or MAPP, 
depending on which map is selected. 
If the 15x15 map is selected, then the 
display will only show MAP, without 


the alpha or beta symbols. 
Following the MAP legend, the 
display shows the advance or retard 
value. The display format depends 
on whether the setting is for 0.5° or 
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1° resolution. In all cases, a sign 
indicates a retard value, while a “+” 
sign indicates an advance value. When 
there is no change in advance or retard, 
the value simply shows 0.0 for the 
0.5° resolution setting or O for the 1° 
resolution setting. 

The advance or retard value is 
changed using the Up (4), Down (vw), 
Step Up (2) and Step Down ($) push- 
buttons. The 4 and wv pushbuttons 
increase or decrease the setting by the 
resolution value; ie, by either 0.5° or 
1° for each switch press. 

By contrast, the 2 and ¥ push- 
buttons change the advance/retard 
value by 2° on 0.5° resolution and by 4° 
on 1° resolution. The resulting values 
are stored in memory and remain there 
even if power is turned off, unless they 
are changed by the pushbuttons or by 
the Reset switch. 

Atthe end of the top line, the display 
shows either SITE, FULL, DIAG or 
VIEW, to indicate the selected mode. 
Note that the SITE, FULL and DIAG 
modes are called the “Run” modes 
because they show what sites are ac- 
cessed while the engine is running. 


Site mode 

The SITE mode is displayed each 
time the Programmable Ignition is 
powered up when the Run/View mode 
is selected with the jumper link. In 
this mode, the second line shows 
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the current RPM site and the current 
LOAD site. These are from sites 1-11 
when the 11x11 mapping is selected 
or from 1-15 when the 15x15 mapping 
is selected. 

The advance or retard value is 
shown as the value entered at that 
load site. In practice, the LOAD and 
RPM sites only change with changes 
in engine RPM and engine load. In 
other words, this is a real time display 
that shows the current load and RPM 
sites and the current advance or retard 
value setting. 


Full mode 


Pressing the Run/View pushbutton 
brings up the FULL mode. In this case, 
the second line shows the RPM site as 
before (eg, RPM1) but it also shows the 
actual position between this site and 
the next. For example, with the 11x11 
ignition timing map (Fig.2), each site 
is 400 RPM away from the next. 

In practice, however, the RPM is 
measured in 100 RPM steps. As a 
result, the display shows the RPM 1 
position as RPM 1;0, RPM 1;1, RPM 
1;2 or RPM 1;3. These values corre- 
spond to 1000, 1100, 1200 and 1300 
RPM respectively. There is no RPM 
1;4 position as this becomes the RPM 
2;0 site for 1400 RPM. 

If you don’t understand this, it will 
become clearer when we describe how 
the Programmable Ignition is set up in 


the forthcoming articles. 

Similarly for the LOAD sites, the 
position within the site is shown after 
the semicolon (;). Note that the word 
LOAD is abbreviated to just LD, so that 
the values fit within the display line. 

In the FULL display mode, the 
advance or retard value is the inter- 
polated value that is calculated for the 
positions between each load site. 

Let’s go back to our earlier example 
and consider the RPM 6 (3000 RPM) 
and RPM 7 (3400 RPM) sites. At these 
sites, the advance is 25° and 28° re- 
spectively. This means that at RPM 6;0 
the advance value will be displayed 
as +25.0°, while at RPM 7;0 the value 
will be shown as + 28.0°. 

The interpolated value will be 
shown for RPM values between these 
two sites. For example, at 3200 RPM 
(RPM 6;2), the advance value will be 
+26.5°. Consequently, this is the value 
that will be shown at site RPM6;2. 

Note that this is a simplistic exam- 
ple because we are ignoring the fact 
that the LOAD value could also be 
in-between LOAD sites. In that case, 
both the RPM and LOAD values are 
interpolated to give the advance or 
retard value. 

Note also that if the advance or re- 
tard value is increased or decreased in 
this mode, it will be the interpolated 
value that is displayed rather that 
the site value. The site that will be 
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changed is the next lowest RPM and 
LOAD site. 

Having said all that, interpolation 
can be switched off within the settings 
if required. 


Knock sensing 


When knock sensing is set, the dis- 
play shows the modified timing value 
after knock retard is taken into ac- 
count. This means that ifthe display is 
showing +26.0° and the knock sensing 
subsequently introduces a 6° timing 
retard, the display will then immedi- 
ately show +20.0°. This is the actual 
advance value used for ignition. 

Note that engine knock detection is 
indicated by an exclamation mark (!) 
that is positioned between the RPM 
site value and the LOAD on the second 
line of the display. The (!) is shown 
when knock is detected, regardless as 
to whether the knock retard feature is 
on or off. The knock symbol is shown 
in the SITE, FULL and DIAG display 
modes. 


Diagnostic mode 

Pressing the Run/View switch again 
switches to the DIAG mode. This 
is the diagnostic mode and is very 
useful when it comes to determining 
your engine’s RPM range, as well as 
measuring the output range from the 
MAP sensor. 

In this mode, the second line shows 
the actual RPM with 100 RPM resolu- 
tion and the actual LOAD value from 
0-255. The advance/retard value on 
the top line normally shows the in- 
terpolated value in the same way as 
the FULL mode. 

As mentioned above, interpolation 
can be switched off and this is useful 
when measuring the manufacturer's 
advance curve (more on this in a later 
article). 

Pressing the Run/View pushbut- 
ton yet again switches to the VIEW 
mode. This is not a real-time display 
because the RPM and LOAD sites do 
not change with the engine RPM or 
load. Instead, you can step through 
each site manually using the Right (»), 
Step Right (>>), Left (4) and Step Left 
(>>) pushbuttons. 

The > and 4 pushbuttons increase 
or decrease the LOAD site value. When 
increasing the LOAD site value and it 
reaches its maximum value (either 11 
or 15), pressing the switch again causes 
the RPM site to increase by 1 and the 
LOAD site to return to 1. In this way, 
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Timing adjustment resolution: 0.5° resolution advance and retard or 1° 
resolution advance and retard. 


Timing adjustment range: +60" for 12-cylinder engines, +90° for 8- 
cylinder engines, +120° for 6-cylinder engines, +127° for less than 6 
cylinders. Using less than 75% of the limit is recommended to prevent 
timing “drop-out” with sudden RPM changes. 


Timing adjustment accuracy (above Low RPM setting): 0.2% for a 
2-cylinder 4-stroke, 0.3% for a 6-cylinder 4-stroke, 0.4% for an 8-cylinder 
4-stroke (note: 0.3% is equivalent to 0.12” at 40° advance or retard for a 
6-cylinder engine). 


Timing update: the update period is the time between successive firings. 
Timing calculation period: 700us maximum. 


Timing jitter: +5us at 333Hz (5us is equivalent to 0.3° for a 6-cylinder 
engine at 10,000 RPM). 


Minimum input frequency: 0.6Hz (corresponds to 36 RPM for a 2- 
cylinder 4-stroke engine, 18 RPM for a 4-cylinder 4-stroke engine, etc). 


Maximum input frequency: 700Hz (corresponds to 14,000 RPM for a 
6-cylinder 4-stroke, 7000 RPM for a 12-cylinder 4-stroke. 


Cylinder settings: 1-12 cylinders for a 4-stroke engine and 1-6 cylinders 
for a 2-stroke engine. 


Minimum RPM setting: 0-25,500 RPM in 100 RPM steps 


Maximum RPM setting: indirectly set by RPM/SITE — 0-25,500 RPM in 
100 RPM steps. 


Minimum load setting: 0-255 in steps of 1 (corresponds to 0-5V). 


Maximum load setting: indirectly adjusted by changing loads per site 
(0-255 in steps of 1). 


Debounce adjustment: 0.4ms or 2ms. 


Dwell adjustment: 0-25.3ms in 0.2048ms steps (multiplied with voltage 
below 12V). 


Dwell variation with supply: x1 for >12V, x2 for 9-12V, x3 for 7.2-9V, x 4 
for <7.2V. 


Firing edge selection: low or high. 
Spark duration: 1ms. 
Map settings: two 11x11 maps (MAPa and MAPB) or single 15x15 map. 


Knock input range: 0-5V (0-1.25V = no retard; 1.25-5V = progressive 
retard in 16 steps). 9° at 3.75V, 12° at 5V for 1° resolution; 4.5° and 6° 
respectively for 0.5° resolution. 


Knock monitoring (requires an additional knock circuit): monitored 
for the first 6ms after firing. This period is reduced at higher RPM with 
the start of dwell. Optional 4000 RPM or 6000 RPM sensing limit. Ignition 
retard activation (when enabled) is set for a minimum of 10 sparks with 
the onset of knocking. 


Internal test oscillator: 4.88Hz. 


Response to low RPM setting: 0-25,500 RPM in 100 RPM steps. 
Typically set at around 1000 to 2000 RPM. 
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The Best Laid Plans Of Miee & Men 


When we presented our last very popular High Energy Electronic Ignition 
System, in the December 2005 & January 2006 issues of SILICON CHIP, we 
stated that “in a future issue we would present a development of the Elec- 
tronic Ignition to allow ignition timing to be altered. That project will allow 
the existing timing to be fully mapped on the basis of engine RPM and inlet 


manifold pressure”. 


In fact, provision was made on the PC board for the extra parts that would 
be required to make the system fully programmable. A new program for the mi- 
crocontroller would complete the system .. . or at least, that was the plan. 

It didn’t work out. Instead, we have had to effectively split the original PC 
board into two parts and add a few more components into the bargain. 


Now what was that about mice and men? It goes like this: 


The best-laid plans o’ mice an’ men 
Gang aft a-gley, 


An’ lea’e us nought but grief an’ pain 


For promised joy. 


[“To a Mouse” by Scottish poet Robert Burns (1759-1796)). 


you can step through the entire igni- 
tion-timing map. 

The same thing happens when de- 
creasing the LOAD site value. After 
reaching 1, the RPM site value is de- 
creased by 1 on the next switch press 
and the LOAD site goes to either 11 or 
15 (depending on the MAP setting). 

The » and « switches just alter 
the RPM sites up or down without 
altering the LOAD site. In this way 
you can check the ignition advance 
or retard settings for each RPM site at 
a particular LOAD site. 

Note that the >, », d and « push- 
buttons do not operate in the SITE, 
FULL and DIAG modes. In these 
modes, the sites are only changed 
in response to engine RPM and load 
inputs. 


Settings 

The Settings display is invoked 
when jumper LK1 in the Programma- 
ble Ignition Timing Module is moved 
to the settings position. This display 
is used to set up the programmable 
ignition to suit your engine. 

The display will initially show 
<SETTINGS>. The < and > brackets 
indicate that each setting can be se- 
lected with either the left (4) or right 
(») pushbutton switch. The values 
within the settings are then changed 
using the 4 and y pushbuttons. 
These values (except for the oscillator 
setting) are stored in memory and do 
not change unless altered using the Up 
and Down pushbuttons. 
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Note that the oscillator setting is 
always off when power is re-applied 
to the Programmable Ignition. 

Pressing the » pushbutton brings 
up the Cylinder setting. You can then 
select cylinder values from 1-12 for 
a 4-stroke engine and from 1-6 for 
a 2-stroke engine. During this time, 
the top line of the display will show 
STROKE and then two numbers — ie, 
4 and [2] for 4-stroke 2-stroke engines 
respectively. Directly below these on 
the second line is the word CYLINDER 
and the selected cylinder numbers (the 
bracketed number is the cylinder value 
for a 2-stroke engine). 

The cylinder value is changed using 
the 4 and y pushbuttons. Note that 
a dash is shown in the two 2-stroke 
column when odd 4-stroke cylinder 
numbers are selected, as this is not a 
valid setting for a 2-stroke engine. 

The next four settings are for adjust- 
ing the range of the RPM sites and 
the LOAD sites. These are crucial in 
insuring you get the full use of the 
available sites. In other words, there 
is not much point in having the RPM 
sites cover a range from 0-25,000 RPM 
when, for example, the engine does 
not run above 5000 RPM. In this case, 
you would only be using 20% of the 
available RPM sites (ie, RPM 1, RPM 
2 and part of RPM3 only) for mapping 
the advance curve. 

The first of these settings is the 
Minimum RPM. This sets the RPM 
for the RPM 1 LOAD site. The display 
shows SET MIN RPM X00 RPM, where 


the X represents a number from 0-255. 
Typically, this is set at the idle speed 
for the car but it may be set differently 
depending on how you want the igni- 
tion curve to operate (more on this 
in a later article). The settings can be 
changed from 0 RPM through to 25,500 
RPM in 100 RPM steps. 

In practice, you would use the DIAG 
(diagnostic) setting mentioned above 
to determine the minimum and maxi- 
mum engine RPM range. Alternatively, 
you can use the idle and red-line 
specifications for your engine. 

The second setting is for the Maxi- 
mum RPM. This value of RPM is in- 
directly set by the value of the RPM 
per site (RPM/SITE) adjustment, as 
shown on the top line of the display. 
It can be set from 0-25,500 RPM in 100 
RPM steps. 

The second line shows the maxi- 
mum RPM. This is calculated based 
on the minimum RPM setting and the 
RPM/site value. It is shown in the sec- 
ond line of the display as MAX RPM 
X00 RPM, where X is a number from 
0-255. An ERROR indication is shown 
instead of the maximum RPM if the 
setting would be over 25,500 RPM. 

The reason why we adjust the RPM/ 
SITE value rather than the Maximum 
RPM directly is because the Program- 
mable Ignition requires a discrete 
number of 100 RPM steps between 
each RPM site. 

In practice, the RPM/SITE value is 
altered so that the maximum RPM is at 
or just over the value required. You can 
also adjust the minimum RPM setting 
to achieve the best compromise for the 
adjustment. 

An example may help here using 
the 11 x 11 map. If, say, the minimum 
RPM is set at 1000 RPM, the RPM/SITE 
value can be set to say 400 RPM for a 
5000 RPM maximum or to 500 RPM 
for a 6000 RPM maximum. Thus, ifyou 
had a red line of say 5500 RPM, you 
could set the RPM/site value to 500 
for the 6000 RPM maximum. Alterna- 
tively, you could lower the minimum 
RPM value to say 800 RPM, with the 
RPM/site set to 500 for a 5800 RPM 
maximum. 

The third and fourth settings are for 
the LOAD sites. Again, in practice, 
you would use the DIAG (diagnostic) 
mode to determine the minimum 
and maximum values from the MAP 
sensor. The maximum load values oc- 
cur when the car is accelerating up a 
hill, while minimum load values are 
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present under very light throttle con- 
ditions and when the engine is being 
overrun in low gear downhill. 

The Minimum Load adjustment can 
be set from 0-255 in steps of 1. These 
0-255 values correspond to the 0-5V 
output from the MAP sensor. This 
value is set to the reading obtained in 
the DIAG (diagnostic) mode when the 
engine is being overrun. 

By contrast, the Maximum Load is 
adjusted indirectly by changing the 
loads per site (LOADS/SITE) setting. 
This can be changed in steps of 1 from 
0-255. The second display line shows 
the calculated maximum load (MAX 
LOAD) value based on the minimum 
load and the LOADS/SITE setting. 
An ERROR indication shows if the 
calculated maximum LOAD value is 
over 255. 

In practice, the Minimum Load and 
the LOADS/SITE settings are adjusted 
so that they cover the range of the MAP 
sensor output, although they may 
slightly overlap the required minimum 
and maximum values. 

Other settings that follow these map- 
ping values are: 

(1). MAPS: here you can select either 
the two 11x11 maps (mapo and mapf) 
or the single 15x15 map. Note that 
any ignition values mapped into an 
11x11 map will no longer be correct 
ifthe map is subsequently changed to 
a 15x15 array and vice versa. Instead, 
you have to re-enter the values. 

(2). Resolution: this sets the resolution 
of the advance/retard adjustments and 
can be either 1° or 0.5°. Once ignition 
values have been entered into the map 
on one resolution setting, they will be 
incorrect if the resolution is changed 
to the alternative setting. 

(3). Response To Low RPM setting: at 
low RPM, the engine speed can 
change quite quickly. Because the 
calculation for RPM can only occur 
between each detected firing pulse, 
the response to RPM changes can 
be too slow and can lag behind the 
engine. This can noticeably retard 
the ignition with increasing RPM. 
The Response To Low RPM setting 
is included to improve low RPM re- 
sponse, particularly at starting. The 
downside of this setting is that there 
is some slight ignition retardation but 
this is less than 1° for typical low RPM 
settings. 

The RPM value can be set from 0- 
25,500 RPM in 100 RPM steps. The 
Low RPM Response operates for RPM 
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ignition Timing = A ulek Primer 


A typical internal combustion engine has one or more pistons that travel 
up and down inside cylinders to turn a crankshaft. As a piston rises inside 
its cylinder during the compression stroke, a mixture of fuel and air is com- 
pressed. In petrol and gas engines, this fuel-air mixture is then ignited using 
a spark to drive the piston as it starts its downward stroke. 


This ignition must be timed accurately to ensure maximum power and ef- 
ficiency. If the mixture is fired too late in the cycle, power will be lost because 
the piston will have travelled too far down in the cylinder for the burning fuel 
to have maximum effect. Conversely, if the mixture is ignited too early, it will 
“push” against the piston in the wrong direction as it rises towards top dead 
centre (TDC). 

Ideally, each spark plug is fired so that there is just enough time for the 
ignited fuel to apply maximum force to the piston as it starts its downward 
power stroke. In practice, the fuel takes a certain amount of time to burn and 
so the spark plug needs to be fired before the piston reaches the top of its 
stroke or top dead centre. p 

At low engine RPM, the spark only needs to occur a few degrees before 
top dead centre. However, as engine RPM rises, the ignition must be fired 
progressively earlier in order to give the fuel the same time to fully ignite — ie, 
the spark timing must be progressively advanced as engine RPM rises. 


This timing requirement is called the “RPM ignition advance curve” and is 
often around 6° before TDC at idle, rising to about 40° at the engine’s recom- 
mended maximum RPM (the redline). 

As stated, if the spark ignites the fuel far too early, then the piston may be 
pushed downwards before it reaches top dead centre. However, if the igni- 
tion is only early by a small amount, then the engine will exhibit a knocking 
sound as the piston rattles within the cylinder. This effect is called “detonation” 
(also called “pinging” or “knocking”) and can cause serious engine damage 
in severe cases. 

Engine load is also an important factor when it comes to ignition timing. 
Under light loads, the advance timing can usually be at the maximum. However, 
when the engine is heavily loaded, such as when accelerating or powering 
uphill, the fuel takes less time to ignite because of higher fuel pressures and 
temperature (and because the mixture is richer). As a consequence, as engine 
load increases, the ignition timing must be retarded to prevent detonation. 


below the set value (typically just 
below idle speed). Above this setting, 
the standard response to RPM occurs. 
By contrast, the response at higher 
RPM is satisfactory because there is 
only a short period between plug fir- 
ing and the engine speed will not vary 
much during this time. Usually, the 
setting is adjusted so that it operates at 
engine cranking speed but stops when 
the engine reaches idle speed. In other 
cases, it may be necessary to raise this 
RPM limit so that the engine can rev 
correctly from idle. 

(4). Debounce: the debounce setting 
affects the trigger input and its resil- 
ience to a noisy signal, as can typically 
occur with points bounce in older car 
ignition systems. Unless corrected, 
points bounce can upset the detection 
of engine RPM and affect the timing. 


Typically, you can use the 0.4ms de- 
bounce setting but the alternative 2ms 
debounce setting can be selected ifthe 
ignition appears to be erratic due toa 
noisy input sensor signal. 
(5). Dwell: dwell is the period during 
which the ignition coil “charges” be- 
fore each plug firing. It is alterable from 
between 0-25.3ms in 0.2048ms steps. 
We have provided an oscillator feature 
(see below) that allows the ignition 
coil to be driven by the Programma- 
ble Ignition and the spark produced 
by the coil monitored. The dwell is 
then progressively adjusted upwards 
from Oms until the spark reaches its 
maximum voltage. The dwell is then 
increased slightly above the set value 
to ensure there is more than sufficient 
spark when the engine runs. 

In addition, the dwell is automati- 
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sc PROGRAMMABLE IGNITION TIMING MODULE 


Fig.4: the Ignition Timing Module is based on a PIC16F88-E/P microcontroller. This processes the input trigger, MAP 
sensor and optional knock sensor signals and provides outputs to drive the Ignition Coil Driver circuit (Fig.5) and a 


tachometer. It also monitors the Hand Controller’s switches and drives the LCD. 


cally increased when the battery volt- 
age is low—ie, to x2 for battery voltages 
between 9V and 12V; to x3 for voltages 
between 7.2V and 9V; and to x4 for 
voltages below 7.2V. 

(6). Edge: this sets the ignition to trigger 
from either a low-going input signal 
edge or a high-going signal. In most 
cases, a high-going signal edge must be 
selected but some optical, Hall-Effect 
and reluctor outputs will require the 
low-going edge selection. 

(7). Knock: this sets the KNOCK re- 
tard feature either ON or OFF and 
sets the LIMIT at either 4000 or 
6000 RPM (these settings are all 
shown on the LCD). Pressing the 
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a and y pushbuttons cycle the 
selections between these options. 
The LIMIT setting sets the RPM value 
at which knock sensing ceases. This is 
usually set to 4000-6000 RPM because 
at higher revs, the engine noise drowns 
out any knocking and so would either 
be undetectable or would cause false 
readings. 

Note that knocking will only be 
detected if the separate knock sens- 
ing circuit (to be described) is added 
and a knock sensor is installed on the 
vehicle. 

(8). Diagnostic: this sets the interpola- 
tion either ON or OFF. It is normally 
set to ON and should only be set to 


*L1 = 23 TURNS OF 
0.5mm ENAMELLED 
COPPER WIRE ON 
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IRON POWDER 
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L) 8c337 
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1N4004 


A K 


OFF when making ignition curve 
measurements using the Programma- 
ble Ignition and a timing light. 

(9). Oscillator: this sets the internal os- 
cillator ON or OFF. It’s normally OFF 
but can be set to ON to test the ignition 
coil spark with varying dwell settings. 
The oscillation rate is about five times 
a second (5Hz). 


Circuit details 

OK, so much for all the fancy fea- 
tures built (or more accurately, pro- 
grammed) into the unit. Let's now take 
a look at the circuit details. 

The circuit for the Programmable 
Ignition can be split into three sec- 
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tions. First, there is the Programmable 
Ignition Timing circuit, as shown in 
Fig.4. To this is added an input trigger 
circuit, depending on the ignition trig- 
ger used — see Fig.6. This can be either 
points, optical, Hall effect or reluctor, 
or can-be taken from the engine man- 
agement unit (EMU). 

Finally, a separate circuit, control- 
led by the Programmable Ignition 
Timing circuit, drives the ignition coil 
— see Fig.5. 

The LCD Hand Controller, to be 
described in Pt.2, is a completely 
separate unit which connects to the 
Programmable Ignition Timing module 
via a DB25 cable. As stated, it’s used 
only during the setting-up procedure, 
after which il is no longer required un- 
less you wish to reprogram the system 
(eg, to alter the timing map). 

The main circuit (Fig.4) is based on 
IC1 which is a PIC16F88-E/P high-tem- 
perature microcontroller. This micro 
processes the input trigger and MAP 
sensor signals and provides an output 
to drive the Ignition Coil Driver circuit. 
It also drives the LCD module in the 
Hand Controller and monitors the 
Hand Controller’s switches. 

Timing signals for IC1 are provided 
by crystal X1, This sets the internal 
oscillator to run at 20MHz, which 
enables the software programmed into 
IC1 to run as fast as possible. 

In operation, IC1 accepts the igni- 
tion trigger signal at its RBO input (pin 
6) and drives its RB3 output to switch 
the ignition coil (via the driver circuit) 
accordingly. As shown, the RBO input 
is protected from excess voltages by a 
series 2.2kQ resistor, which prevents 
excessive current flow in IC1’s internal 
clamping diodes. Clamping occurs 
when the voltage goes below OV or if 
it goes above the +5V supply (ie, the 
input is clamped to -0.6V or +5.6V). 

The 1nF capacitor at the RBO input 
shunts transient voltages and high- 
frequency signals, to filter false timing 
signals. 

Transistor Q4 is also driven from the 
trigger input. The transistor is used to 
provide a tachometer output at its col- 
lector. In operation, Q4’s collector is 
normally held high via a 2.2kQ pull-up 
resistor but switches low each time the 
transistor turns on (ie, when the trigger 
input is high). 

Q4’s collector output can be used 
to drive most modern tachometers. 
However, an impulse tachometer (now 
very rare) requires a different con- 
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Fig.5: the Ignition Coil Driver is based on transistors Q1-Q3. Darlington 
transistor Q1 switches the ignition coil, while the four series zener diodes 
across Q1 protect it against voltage spikes when the transistor turns off. 


nection and this type should operate 
when connected to the ignition coil’s 
negative terminal. 


MAP sensor 


The MAP sensor signal is applied 
to the analog AN2 input of IC1 via a 
1.8kQ resistor. A 10nF capacitor filters 
out unwanted high-frequency signals 
to prevent false readings. 

In operation, the AN2 input meas- 
ures an input voltage ranging from 0- 
5V and converts this to a digital value 
ranging from 0-255. This is the value 
that's read from the DIAG (diagnostic) 
display. 

Note that +5V supply and ground 
rails are provided for the sensor. When 
the Sensym sensor is used, it can be 
directly mounted on the PC board 
used for the Programmable Ignition 
Timing Module. 

The optional knock sensor signal 
is apphed to IC1’s analog AN1 input 
(pin 18). As before, this input accepts 
signal voltages from 0-5V and converts 
them to digital values. 

Conversely, ifthe knock sensing cir- 
cuit is not used, this input must be tied 


to ground using jumper link LK2 to 
disable the knock sensing function. 

The third analog input at AN3 (pin 
2) is used to monitor the +12V ignition 
supply. As shown in Fig.4, this supply 
voltage is divided down using 100kQ 
and 47k resistors and filtered using 
a 10uF capacitor before being applied 
to the AN3 input. This divider effec- 
tively converts the supply voltage to 
a 0-5V signal which is then used to 
determine if the dwell period should 
be increased to compensate for a low 
supply voltage. 

Note that the voltage across D1 is 
accounted for in this measurement. 

Link LK1 selects either the timing 
map display orthe settings display. In 
the settings position, the RA5 input 
is tied to ground via a 10k0Q resistor. 
Conversely, when LK1 is in the tim- 
ing position, RA5 is tied to 5V via the 
10kQ resistor. 

Note that the RA5 input differs from 
the other inputs in that it cannot be 
directly tied to one of the supply rails 
otherwise the micro could latch up. 
The 10kQ input resistor eliminates 
this problem. 
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Fig.6: the seven input trigger circuits: (a) points triggering; (b) ignition module (see text); (c) Hall effect & Lumenition 
triggering; (d) triggering from an engine management module; (e) reluctor pickup; (f) Crane optical pickup; and (g) 


Piranha optical pickup. 


Switch S1 is used to select between 
the two 11x11 timing maps. When 
S1 is open, RA4 is pulled low via the 
10kQ resistors and mapa is selected. 
Conversely, when S2 is closed, RA4 is 
pulled to +5V and mapf is selected. 

Note that this switch operates only 
when the 11x11 maps are selected us- 
ing the LCD Hand Controller. It has no 
effect if a 15x15 map is selected. 


Driving the LCD 


Pins 7, 8 £ 10-13 of the microcon- 
troller are used to drive the LCD mod- 
ule in the Hand Controller (via a DB25 
connector). The 10Q resistors in series 
with these outputs act as stoppers to 
keep RF signals out of IC1. 

In addition, the RAO input at pin 
17 monitors the switches from the 
Hand Controller. The associated 1kQ 
resistor pulls the input voltage to OV 
unless a switch is closed, at which 
point the line is pulled high to +5V. 
The 10nF and 1nF capacitors filter out 
RF signals. 


Power supply 

Power for the circuit is derived via 
the ignition switch. This supply is 
then filtered using inductor L1 and 
the 100nF capacitor. Diode D1 pro- 
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vides reverse polarity protection, after 
which the supply is decoupled using 
a 1000uF capacitor. 

As a further precaution, the circuit 
is protected from voltage spikes using 
transient voltage suppressor TV51. 
This clamps any high voltages that 
may otherwise damage following 
components. 

Following TVS1, the supply is reg- 
ulated to +5V using regulator REG1. 
This is a low-dropout device and is 
used here to ensure that a regulated 
+5V supply is maintained during start- 
ing when the battery voltage can drop 
well below 12V, 

A 100u4F capacitor decouples the 
regulator’s output, while a 100nF ca- 
pacitor (located close to pin 14 of IC1) 
shunts high frequencies to ground. 


Ignition coil driver 


Fig.5 shows the Ignition Coil Driver 
circuit. It’s fairly straightforward and 
is based on transistors Q1-Q3. 

Q1 is a Darlington transistor spe- 
cifically made for ignition systems. 
It’s capable of handling currents in 
excess of 10A and voltages exceed- 
ing 400V. As shown, four 75V zener 
diodes (ZD1-ZD4) are connected in 
series between its collector and emitter 


terminals. These protect the transistor 
from excess voltages by clamping its 
collector at 300V, which is well within 
its rating. 

The circuit works like this: when 
the input signal is low (or there is no 
signal), transistor Q3 is off, Q2 is on 
(due to base current through the 1.2kQ 
resistor) and Q1 is off, Conversely, 
when the input subsequently switches 
high, Q3 turns on and switches Q2 
off by pulling its base to ground. As a 
result, Q1 turns on and current flows 
through the primary winding of the 
ignition coil. 

The ignition input signal now subse- 
quently switches low again and so Q3 
immediately turns off due to the 4709 
resistor between its base terminal 
and ground. And when that happens, 
Q2 switches on and Q1 switches off, 
interrupting the current through the 
ignition coil. 

As a result, the coil's magnetic flux 
rapidly collapses and this generates a 
high voltage in the secondary to fire 
one ofthe spark plugs. The 1nF capaci- 
tor on Q3’s base is there to suppress 
any RF signals that may otherwise be 
injected when the current through the 
ignition coil is interrupted (ie, when 
Q1 switches off). 
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Resistor R1 is included to make 
the module more versatile. In our 
application, R1 is not used and is 
replaced with a wire link. For other 
applications, where a separate igni- 
tion coil driver is required, R1 will 
be required. Typically, a 470Q resistor 
would be used for a 5V drive signal, 
while a 1.2kQ resistor would be used 
for a 12V drive signal. 

Finally, the module can also be 
configured to drive transistor Q1 when 
the input signal switches low. In this 
case, Q3 is left out of circuit and a link 
installed between the pads on the PC 
board for its base and collector leads. 
The 1.2kQ resistor pull-up is also re- 
moved from circuit. 


Trigger inputs 

The Programmable Electronic Igni- 
tion is configured for the appropriate 
trigger input during construction. 
The seven possible input circuits are 
shown in Fig.6. 

The points ‘trigger is shown in 
Fig.6(a) and includes a 1009 5W wire- 
wound resistor connected to the 12V 
supply. This resistor provides a “wet- 
ting” current for the points to ensure 
there is a good contact between the two 
mating faces when they are closed. The 
wetting current is sufficient to keep 
the contacts clean but not so high as 
to damage them. 

The ignition module version is 
shown in Fig.6(b). This is essentially 
the same as the points input except 
that a transistor inside the ignition 
module switches the input to ground 
instead. 

This type of input has been included 
because some electronic ignition 
systems do not provide access to the 
actual trigger (usually a reluctor) and 
the only output is the ignition coil 
driver transistor. In this case the coil 
is replaced with the 100 resistor to 
provide the necessary pull-up to +12V 
when the transistor is off. 

Fig.6(c) shows the Hall Effect trigger, 
It uses a 100Q current-limiting resistor 
to feed the Hall sensor, while the 1kQ 
resistor pulls the output voltage to 


+5V when the internal open-collector | 


transistor is off. Conversely, the output 
signal is pulled to OV when the internal 
transistor is on. 

Note that the same circuit is used for 
the Lumenition optical module. 

The engine management input cir- 
cuit is shown in Fig.6(d) and is quite 
simple. Its 0-5V output signal connects 
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This inside view shows the assembled PC board for the Ignition Timing 
Module but without the optional Sensym MAP sensor fitted. The full 
assembly details will be in Pt.2 next month. 


to the trigger section of the main circuit 
in Fig.4. 

Reluctor sensors. are catered for 
using the circuit in Fig.6(e). These 
produce an AC signal and so require 
a more complex input circuit. 

In this case, transistor Q5 switches 
on or off, depending on whether the 
reluctor voltage is positive or negative. 
It works as follows. Initially, with no 
reluctor voltage, Q5 is switched on 
via current through VR1 and a 47kQ 
resistor. The voltage applied to Q5’s 
base depends on the 10kQ resistor 
across the reluctor coil and the internal 
resistance of the reluctor. 

Trimpot VR1 is included to provide 
for a wide range of reluctor types. In 
practice, VR1 is adjusted so that Q5 
is just switched on when there is no 
signal from the reluctor. The 10kQ 
resistor provides a load for the reluc- 
tor, while the 470pF capacitor filters 
any RF signals that may have been 
induced. 

The 2.2nF capacitor ensures that Q5 
quickly switches off when the reluctor 
signal goes negative. 

Finally, Fig.6(f) & Fig.6(g) show 
two different optical pickup circuits. 
Fig.6(f) is for a module that has a com- 
mon 0V supply connection (eg, Crane), 
while Fig.6(g) is for a module that has a 
common positive supply (eg, Piranha). 
In each case, current for the LED is 
supplied via a 1209 resistor, while the 


photodiode current is supplied via a 
22kQ resistor. 


Software 


The software for the Programmable 
Ignition is the largest and most com- 
plex we have developed to date. In all, 
the final assembler code totals some 
6020 lines to perform all the necessary 
functions, including monitoring the 
ignition trigger and pressure sensor 
signals and providing an output based 
on the ignition timing map. 

Basically, the software includes 
several multiply and divide routines 
(some 24-bit) to calculate the timing, 
based on the RPM and load site. These 
routines are also used to calculate 
engine RPM and the interpolated 
advance/retard values and must be 
performed constantly to maintain the 
correct timing as engine RPM and 
load vary. 

We managed to perform all the re- 
quired calculations in under 1ms — fast 
enough for high revving engines. 

A significant part ofthe software has 
also been devoted to the many func- 
tions accessible via the Hand Control- 
ler and to allow the Hand Controller to 
be used while the engine is running. 

In the end, we used all the data 
memory space of the PIC16F88 to store 
the ignition timing maps and the ad- 
justable parameters, along with some 
97% of the program memory. SC 
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1 Watt Hi-Power RED LED Emitter 
High flux — brilliant light output, typical luminous 
flux of 30, up to 100,000 hrs of battery life, 
requires only low DC voltage to operate 
(1.9V to 3.1Y O 350mA), cool and safe 

to touch, includes data. Z 4251 
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1 Watt Hi-Power BLUE LED Emitter 
High flux — brilliant light output, typical luminous 
flux of 10, battery life up to 100,000 hours, 
requires only low DC voltage to operate 
(2.79V —3.99V @ 350mA), cool and safe 
to touch, superior ESD protection 

(16,000 volts), includes data. Z 4253 
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1 Watt Hi-Power WHITE LED Emitter 
High flux — brilliant light output, typical luminous 
flux of 29, battery life up to 100,000 hours, 
requires only low DC voltage to operate 
(2.79V —3.99V O 350mA), cool and safe 
to touch, superior ESD protection 
(16,000 volts), includes data. Z 4252 
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Oxygen Free Copper Speaker Cable 
High conductivity, low loss Fig 8 Oxygen Free 
Copper (OFC) cable with ultra-flex translucent 
PVC insulation, and tinned copper conductors 

on one side of the Fig 8 flex to aid in polarity 
identification/matching. Conductors: 30 x 0.12mm 
OFC, cross-sectional area: 0.34mm?. W 2008 
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These stainless steel digital calipers feature a 4-digit 
LCD screen, internal and external measuring jaw, 


depth measuring blade, mm & inch measurements, $2999 


and zero setting. Supplied in a foam-lined carry case 
with a battery and detailed instructions. Q 1382 


able through www.dse.com.au 
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30-Piece Mini Bit Set with Handle 
High quality 4mm mini-bits made from super-hard $2 grade steel alloy. 
Supplied complete with a 110mm extension shaft and a quality handle 
with metal threaded tightening mechanism 

that securely holds the shaft. The bits are E © 
held in labelled sleeves and then all the 
components are stored in a plastic 
carry case. T 6337 
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64-Piece Super-Hard Bit Set 
These mirror chrome finished hex bits are 
made from super-hard $2-grade steel 
alloy, are supplied with a high quality 
combination locking and magnetic bit 
holder, and all the parts are stored in 

a handy plastic carry case. T 6345 
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3-15V Regulated 25 Amp 

Heavy Duty DC Power Supply 
Heavy-duty 3-15V power supply with up to 
25A continuous capability at 15V, and lower 
current at lower output voltages, Custom DSE 
version features extensive overload protection, 
rugged tri-filar transformer windings and high- 
temperature transformer Components, 50A 
bridge rectifier, thermal protection circuitry, 
rear-pane! mains circuit breaker, and solidly 


A lead-free 1.0mm solder alloy 

containing flux for general electronics S 98 
work where earlier lead-based solders 7 
cannot be used. This solder is 99.3% tin 


and 0.7% copper. Recommended for use 
with iron-clad or nickel-clad soldering iron 
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Anti-Static 
Wet Wipes 


A convenient pack 
containing 100 anti-static 
lint-free wet wipe towelettes, 
ideal for cleaning computer 
screens (CRT, LCD, laptops), 
WET WIPES plasma and LCD TV 

screens, CD and DVD discs, 
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Capture Cam — 

Mobile Video Kit 

View your security cameras live on 
your mobile phone! Features live 
motion detection alerting via SMS 
or MVS (Mobile Video Streaming), 
records to your PC with easy 
playback, includes Max-i-Swann 
webcam to share video & still 

images", works with leading phone O Swann 


brands and providers. 


*Requires internet service and access with Digital Video Recorder 
broadband connection recommended. Quick and easy to install, 4-channel 
L 5995 digital video recorder with audio. 


Capable of picture-in-picture and 
picture-on-picture function and up 
to 4x zoom. LAN and WAN ready, 
allowing connection to your existing 
network or monitoring via the na 


web from a remote PC (software | e = 
SAVE *300 


included). L 5903 


DICKE3SMITH lo. 


30CW Power Inverter 
Provides mains power for electrical 
equipment (notebooks, mobile 
phones, digital cameras, hi-fi's etc.) 
from your vehicle. M 5300 


DICKE'SMITH Ss 


150W Power Inverter 

Plug into the cigarette lighter socket 
in your car to provide 230V AC 
power for most smaller electrical 
equipment, M 5150 


H-E) Illuminated 
DSE Pocket Magnifier 
Great for checking 
Heavy Dut components, PCBs, and other 


Solder Sucker 

Solidly built plastic housing 
and spring assembly, dual 
“O” ring seals for better 


items where a magnified view 
is required. Features a large 
26mm coated glass lens, 

10x magnification, carry pouch 


suction, easy to open for and a white LED to provide . 

waste solder lighting of the viewed item. Stadium 

removal, T 2574 Requires 3 x “AAA” size 240V Easy Etch Engraver 
batteries. T 4597 Protect and identify your 


b ki 
S 99 SA 5 99 e teen eS 32 © 99 
Includes AC adaptor and 


long cord. T 4753 
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Products also available through www.dse.com.au 
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Kit clearance time 


Kit Clifford The Cricket 
Realistic sound! Cricket Clifford Kit 
uses a light sensor to activate cricket 
chirping sound powered by a 9V 
battery, includes components and 


PCB only. 
: 5k99 


K 3533 


selected 
Kits. 
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Radio Contro! Sunset Cruiser 
R/C car kit with top speed of 10km/h, 7.6cm wide 


J tyres, requires 1x 9V & 6 x AA batteries (not 


included), suits ages 8-14yrs. K 1699 


Electrocardiograph Kit 

Watch your heart beat with this easy to build project 
that lets you take your own electrocardiograph (ECG) 
and displays it on a PC {via USB). You can read, 
display, save to disk and print the electrical waveform 
generated by your heart. Includes all components, 
hardware, PCB, a specially manufactured case that has 


been fully drilled, 
powder coated and 
screen printed as 
well as a set of 

ECG pads to get 
you started. K 3704 


IN-STORE NOW! 


SEE 
IN-STORE 
FOR 
MORE 
MASSIVE 
KIT 
SAVINGS 
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Silicon Chip 
Magazine 


Get your copy every 
month from your local 


Dick Smith Electronics store. 
B 5020 


Terms and conditions: Offers start 28/02/07 and end 27/03/07 or while stocks last. No rainchecks, No layby. Offers 
may not be available in some reseller or franchise stores 
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7-Pin Flat Trailer Plug 7-Pin Flat Trailer Socket 


7-pin male trailer plug, heavy duty 7-pin flat female trailer socket, 
plastic moulding. P 2506 rear-mounted to vehicle, spring- 
loaded dust cap. P 2505 


IWh Meterman: 


38XR Professional DMM | Y 
The Meterman 38XR is a fully 8pc Security Torx Key Set S 
ry o ME MASNA oe from ar SI AT steel alloy. A] «360 
Rae arta te Per pi Sizes include 15, 16, 17, T8, T9, T10, T15 
blud Beth ee a4 tes i and T20. The keys are labelled with their 
S ne g itori sizes, and supplied in a folding plastic 
ana ogue Sarg ERa e bend Cae retainer for easier storage and access. T 3547 


fast-changing readings, True-RMS 
circuitry for accurate AC voltage and 
current readings, 0.25% basic DC 
accuracy plus extremely high safety 
ratings of Cat IV 600V and Cat Ill 
1000V, Q 1784 


5199 


Analogue Sound Level Meter 

Ideal for setting up home theatre systems, 
or monitoring of noisy parties or workplaces. 
incl. 7 ranges plus large meter with fast/slow 
response selection. Connectable to other 
equipment. Includes carry case. Q 1461 


83g% 
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ideas for all! 


DIC MITH 


Lab Power Supply 3-30V DC 20 Amp 
This high efficiency switch-mode power supply 
provides selectable output voltages from 3V to 
30V, with maximum continuous current of 20A 
and low ripple and noise output, all in a compact 
case with an integral variable speed cooling fan. 


VOLTAGE For maximum flexibility a fixed 13.8V output 

ERO A switch can be selected to over-ride the front 

X o | panel variable voltage selection, allowing the 
va. A power supply to be safely used with high power 


car audio and radio transmitting equipment. 
Features large LED front-panel metering and 
heavy-duty banana sockets. Q 1765 

TPrice after introductory offer (1/4/07) is $299. 


y POWER 
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Stock due late February 


DIC MITH 


4.8 V Rechargeable 

._ Cordless Screwdriver 

b Durable metal gearbox with 
extra-strong moulded body, 
forward/reverse control, 3-4hr 
mains charger, accessory bits 
and instructions. T 4844 


5419% 


Professional Modular 
Crimping Tool 

This professional grade crimping tool is 
suitable for many 4-pin, 6-pin and 8-pin 
modular plugs. Super heavy duty 

metal construction and comfortable 
spring-loaded over-moulded handles 
provide greater comfort during multiple 
crimping sessions. T 2925 


s89% 


DSEJ 


/ Helping Hands 
with Magnifier 
Heavy cast-iron base for 
stability, a magnifying glass 
and adjustable position 
alligator clips. T5715 


Available in-store or through our 


Direct Sales Division 


Phone: 1300 366 644 (Local call charge) 
Fax: (02) 9642 9155 
Mail: DICK SMITH ELECTRONICS 
Direct Sales Reply Paid 500, 
PO Box 500, Regents Park DC NSW 2143 
(No stamp required) 


“373 
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VVE PRESENTED the 
Remote Control & Pream- 
plifier project as a stand-alone module 
because we believe that many con- 
structors will want to build it into an 
existing case. It is designed to fit flush 
behind a front panel, hence the LEDs 
and the rotary encoder are located 
along the front edge of the board. 
However, all of these devices can be 
mounted independently on a panel 
and wired back to the PC board via 
short flying leads if desired. 

Note that if the infrared receiver 
includes an external metal shield 
(see photo), then steps must be taken 
to ensure that it is insulated from the 
chassis. We suggest a short strip of in- 
sulation tape on the inside of the front 
panel, with a hole cut out to match the 
hole in the panel. Do not rely on the 
paintwork to provide insulation! 

The display board should be mount- 
ed to the right side or above the main 
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board (ie, away from the audio section) 
on standoffs behind an appropriate 
cutout. Additional header sockets 
(or cut-down 40-pin IC sockets) can 
be stacked vertically to increase the 
display height for a flush fit. Both the 
red and blue displays look great with 
tinted filters! 

As mentioned earlier, three different 
power supply configurations are pos- 
sible. You could also power the unit 
from an existing regulated DC source 
if available. The minimum require- 
ments are: +15V @ 20mA and +5V @ 
120mA. Note that the two (analog & 
digital) supplies must share a com- 
mon ground. This means that if they’re 
located on physically separate PC 
boards, their grounds must be cabled 
separately to the single “GND” input 
at CON1. 


Mains wiring 

As usual, all 240VAC wiring must be 
carried out in a safe and professional 
manner, meaning that we're assuming 


Second article completes the) co 
gives the set-up procedure 


that you already have the relevant ex- 
pertise or can obtain assistance from 
someone who has. Most importantly, 
the assembly must be housed in an 
earthed metal enclosure. The mains 
earth must be properly connected to 
this chassis and this can be achieved 
via a double-ended 6.3mm spade lug 
fastened securely to the base with an 
M4 x 10mm screw, shakeproof washer 
and two nuts — see Fig.16. 

A basic wiring layout is shown in 
Fig.14. The mains section of the wiring 
will obviously need to be amended if 
the module is to coexist with a power 
amplifier, which will at least share the 
mains input socket and power switch. 
Note that if using a separate, chas- 
sis-mounted transformer, alternative 
arrangements must be made for mains 
fusing. This is best achieved by using 
an IEC socket with an integral fuse. 

Once the mains wiring has been 
completed, go back and check that 
each connection is secure and well 
insulated. If necessary, use heatshrink 
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tubing to completely cover any ex- 
posed terminations. That done, use 
your multimeter to check continuity 
between the earth pin of the mains 
plug and any convenient point on the 
chassis that is devoid of paint. 

This check must be repeated later 
when the case is assembled. At that 
time, use your meter to check that all 
panels of the case are earthed — without 
exception! 


Low-voltage wiring 

As afirst step, disconnect the mains 
cord to prevent mishaps while work- 
ing under the hood. You can then 
complete the assembly by running all 
the low-voltage wiring. 

If a separate transformer has been 
used, its two secondary (15VAC) 
windings must be terminated at the 
transformer input (GON1) of the power 
supply board. Twist the wires together 
and keep them as short as possible to 
reduce radiated noise. 

Next, connect the +15V, -15V & GND 
outputs at CON2 and +5V at CON3 
on the power supply to the matching 
inputs at CON1 & CON2 of the Remote 
Volume Control & Preamp module. 
Note that the GND output at CON3 on 
the power supply is not used! 

Use only heavy-duty hook-up wire 
for the job. Take great care to ensure 
that you have all of the connections 
correct — a mistake here may damage 
the control module. We suggest four 
different cable colours to reduce the 
chances of a mistake! 

If you wish to be able to control left/ 
right balance from the front panel, then 
you ll also need to install a pushbutton 
switch. This will enable you to use the 
rotary encoder for both volume and 
balance adjustments. The terminals of 
the switch are simply wired between 
the BALANCE and GND inputs at 
CONS. Having said that, balance ad- 
justment is a rare requirement after 
initial setup (which would be done via 
remote control), so most constructors 
will not need this switch. 

The module also provides a second 
switch input at CON3 labelled CHAN- 
NEL. This is intended for a possible 
future multi-channel upgrade and 
should not be connected, as it cur- 
rently has no function. 

Use good quality shielded audio 
cable for all the audio connections. 
Terminate one end of the cables in RCA 
plugs for connection to the control 
module's inputs and outputs. Depend- 
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Fig.14: follow this basic diagram when hooking up your module. Use heavy- 
duty hook-up wire for all of the low-voltage power supply connections. For 
the mains side, use only mains-rated cable and be sure to keep if well away 
from the low-voltage side. A few strategically placed cable ties will keep 
everything in position, even if a wire should happen to come adrift! 


ing on your requirements, you may 
wish to fit chassis-mount RCA sockets 
at the other end and mount these on 
the rear of your case. 

Finally, you’ll need to make up the 
cable for the main board to display 
board connection. This is simply a 
length of 20-way IDC ribbon cable 
terminated with 20-way plugs at either 
end (see photos). We used a 12cm 
length for the prototype but we expect 
that if could be at least twice as long 
without causing any problems. Avoid 
routing the cable close to the analog 
section of the control module. 


Earthing 


So far, you should have just two 
wires connected to the chassis earth 
point — the mains earth wire from the 
IEC socket and a second wire to the “E” 
input (at CON5) of the power supply. 
Now run an additional mains-rated 


green/yellow earth wire from the pad 
just to the left of the rotary encoder to 
the chassis earth point. This solidly 
earths the body of the encoder to pro- 
tect the microcontroller from static 
discharge. 

To earth the audio ground, run an- 
other wire from the chassis earth point 


If your infrared receiver module has a 
metal shield like this one, then be sure 
to insulate it from the front panel as 
described in the text. 
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Fig.15: the 2-digit readout displays volume & balance on a 0-85 scale & 
flashes an indicator when muted. Note that the channel select mode is for 
a possible future upgrade and can be ignored at present. 


to the free pad situated between CONS 
& CON6 on the control module, again 
using mains-rated green/yellow wire. 
Both earth wires should fit into a single 
spade crimp terminal to mate with the 
free end of the chassis-mounted lug. 

This earthing method will reduce 
the chances of creating an audible 
“earth loop” in your system but suc- 
cess is not guaranteed! For example, 
if your power amplifier also earths the 
audio signal, an earth loop will exist 
once the two are hooked together. This 
may or may not be a problem. 

If you notice more hum in your 
audio system after connecting the 
preamp, then try disconnecting the 
earth wire to the control module. 
Never, ever, disconnect the mains 
earth from the chassis! 


Testing 


Before applying power for the first 
time, bear in mind that the mains 
input end of the power supply circuit 
board is live! Accidentally placing 
a finger under the board or contact- 
ing the mains input terminal block 
(CON4) screws might well prove 
fatal! Therefore, it is important that 
the power supply board is securely 


jumper] Nn | Our | 
SETUP [NORMAL 
sz [o.sde STEPS [1.5dB STEPS | 


Table 1: jumpers must be installed on 
both JP1 £ JP2 during the initial setup. 


36 SILICON CHIP 


mounted in a chassis — not floating 
around on your bench! 

Assuming the board is correctly 
installed, apply power and use your 
multimeter to measure the three rails 
at the supply outputs (CON2 & CON3). 
If all is well, the +15V, -15V and +5V 
rails should all be within +5% of the 
rated values. 

Now measure between pins 10 £ 12 
and then pins 10 & 13 of IC1’s socket 
on the control module. You should get 
readings just below the +15V levels 
measured earlier. Finally, check be- 
tween pins 5 & 4; again, the reading 
should be just below the earlier +5V 
measurement. 

Now switch off and allow about 30 
seconds for the 1000p F filter capacitors 
to discharge. You can then insert IC1 & 
IC2 in their sockets, making sure that 
the notched (pin 1) ends line up with 
notches in the sockets! 

Before moving on, you must now 
program the microcontroller (102) if 
it’s blank — see the “Microcontroller 
Programming” panel. 


Initial setup 


Once construction and testing are 
complete, a simple setup procedure 


CTAA | iSPADECA LI CAs Te sath has | 
P2598 As 


Table 2: jumper JP3 should be installed 
in the 1-2 position. 


INTERFACE ON CONS | 
l 
SPI (FUTURE MULTI-CHANNEL UPGRADE) | 


must be followed to prepare the mod- 
ule for use. Before beginning, make 
sure that you’ve set up your remote 
control as per the information pre- 
sented last month in the “Universal 
Infrared Remote Controls” panel. 

First, check that the power is 
switched off, then install jumper 
shunts on JP1 & JP2 (see Table 1) and 
JP3 pins 1-2 (Table 2). A jumper must 
also be installed on CONS pins 1-3 (see 
Fig.7 and photos) at all times except 
when the microcontroller is being 
programmed. Note that if this jumper 
is missing at power up, the display will 
flash an error code of “90”. 

Now apply power while observing 
the “Ack” LED. It should flash five 
times to indicate that the unit is in 
set-up mode. The 7-segment display 
should be blank, except for the the 
“mute” indicator continuously flash- 
ing. 

Next, point your remote at the on- 
board infrared receiver (IC3) and press 
the numbers “1” or “2” twice. It’s 
significant which of these numbers is 
chosen. A “1” enables display blank- 
ing, meaning that the display will go 
blank eight seconds after each volume 
or balance adjustment. Conversely, 
“2” disables this feature, causing the 
display to be always on. 

On the second press, the “Ack” LED 
should flash five times again, indicat- 
ing that the code was received and the 
chosen equipment address (TV, SAT, 
AUX, etc) successfully saved. You 
should now power down the unit and 
remove the setup jumper (JP1) only. 
This procedure can be repeated in the 
future should you wish to change the 
equipment address or display blank- 
ing option. 


In use 


As mentioned elsewhere in this arti- 
cle, volume span is effectively 127dB 
(-95.5dB to +31.5dB). As the PGA2310 
supports 0.5dB gain steps, there are 
255 steps from minimum to maximum 
volume. To fit this on a 2-digit readout 
and make it more intelligible, the level 
is scaled down to a 0-85 range by divid- 
ing it by three. The result is accurate 
to 1.5dB, so you’ll need to adjust the 
volume/balance by three points before 
you see a change in the readout. Note 
that “64” corresponds to OdB (unity) 
gain — values below this attenuate the 
input signal, whereas those above it 
amplify. 

To increase or decrease the volume, 
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hit the “Vol Up” or “Vol Down” but- 
tons on your remote, or turn the rotary 
encoder. With jumper JP2 installed, 
each press (or click of the encoder) 
moves the volume by just 0.5dB. If 
the remote’s button is held down 
so that it automatically repeats, the 
adjustment steps jump to 1.5dB after 
one second. 

Some audio systems may not require 
the fine 0.5dB adjustment steps, To 
increase the steps to 1.5dB for every 
button press or click, remove jumper 
JP2. In this case, holding down the 
remote’s buttons makes no difference 
to the step size, which always remain 
at 1.5dB. 

To adjust the balance between the 
left and right channels, use the “Ch 
Up” and “Ch Down” buttons on your 
remote instead. Alternatively, press 
the optional front-panel “Balance” 
button and use the rolary encoder. 
Each press or click adjusts the level 
by 0.5dB, regardless of the state of JP2. 
However, holding down the remote’s 
button for more than one second will 
case atemporary shift to 1.5dB adjust- 
ment steps. 

When in balance adjustment mode, 
the left inverted decimal point flashes 


Power Supplies 


Oscilloscopes 


(see Fig.15). Two dashes on the LED 
displays indicate that the balance is 
centred. 

Hitting the “Ch Down” button moves 
the sound stage left. On the first two 
presses, a single dash is shown in the 
left digit position, indicating the direc- 
tion of “movement”. Likewise, one or 
two presses of the “Ch Up” button from 
the centred position results in a single 
dash in the right digit position. 

Subsequent presses display a num- 
ber indicating the relative attenua- 
tion level of the opposing channel. 
For example, if the current volume 
level is set to 50 and the balance is 
favouring the left side and reads 5, 
the actual levels are: left = 50, right 
= 45, After four seconds of inactivity, 
the unit automatically reverts to vol- 
ume adjustment mode. To bypass the 
four-second delay and immediately 
exit balance mode, use the volume 
up/down buttons on your remote or 
press the “Balance” button again. 

Both channels are simultaneously 
adjusted when the volume is increased 
or decreased, maintaining the balance 
separation. Note that when either 
channel reaches the maximum volume 
setting (ie, 85), further commands to 


sa pleasure 


DOUBLE-ENDED 
- QUICK CONNECT 


MÁ x aa SCREW, 
NUTS AND STAR 
WASHER 

Fig.16: the mains earth lead 
must be securely attached to the 
base of the metal chassis. Here’s 
how to assemble a suitable 
earthing point for attaching two 
spade lugs. The two nuts lock 
the assembly in place. 


increase the volume are ignored. 

When one channel reaches the 
minimum volume position (0), further 
commands will continue to decrease 
the volume in the other channel until 
both are at minimum, if they are not 
identical. Increasing the volume from 
this minimum position restores the 
original balance separation. 


Muting 
Muting is achieved by hitting the 


Frequency 


RF Generators 


Counters 


Analysers 


HAMEG Instruments have always been recognised for the consistent quality and no- 
compromise value of German engineering. And now the news is even better! With more new 
products, an attractive educational discount scheme and lower prices for 2007 you owe it to 


yourself to find out more. Call us please on 1-300-853-407 


TRIO T 


HAMEL Smartcal 


instruments 


1-300-853-407 www.triosmartcal.com.au 


Test Equipment: Sales, Service and Calibration 
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Lock bits 
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| No program lock fealures 


Fuse bits 

Mv SPI Enable 
1 BOOTRST 
[i EESAVE 


rT g5150 
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F Full amplitude 


[Ex ATAL, High frequency 


| A ATP 
| [800 enabled, 4.04 =] į Bool block 128 Words 


— 


Read | Write | 


Chip Erase | 


1E 9306 
AVA ISP 


Device signalure 
Target board 
Tagel SW rev. 23 


Fig.17: here’s how to set the fuse 
bits in AVR Prog, as used with the 
AVR ISP Serial Programmer. Once 
you've set all of the options exactly 
as shown, click on the “Write” 
button. 


Calibraltton byte 0:86 


F YOU’RE BUILDING this project 

from a kit, then the microcontroller 
(101) will have been programmed and 
you can ignore the following informa- 
tion. Alternatively, if you’ve sourced 
all the components separately, then 
you'll need to program the micro- 
controller yourself. A 10-way header 
(CON8) has been included on the PC 
board for connection to an “in-sys- 
tem” type programmer. Temporarily 
remove the jumper between pins 1 
& 3 of CON8 to allow connection of 
the programming cable. Also, make 
sure that there’s a jumper between 
pins 1 & 2 of JP3. 

We described a suitable low-cost 
programmer in the October 2001 


“Mute” or “12” buttons, depending on 
your model of remote. Hitting the mute 
button a second time immediately re- 
stores the original volume level, while 
pressing the “Vol Up” button restores 
the volume level and simultaneously 
increases it by one step. 

Note that pressing “Vol Down” 
while muted does decrease the vol- 
ume level shown on the display but 
it doesn’t turn the muting off. This 
allows you to wind down the volume 
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Fig.18: the parallel port programmer uses PonyProg, which has an entirely 


ee 


¡Y BootLockOi $ Lock2 | Lock 


pe =| 


different fuse configuration menu. Again, copy this example and hit the 


“Write” button. 


edition of SILICON CHIP. Kits for the 
programmer are currently available 
from Altronics (Cat. K-2885), on the 
web at www.altronics.com.au. Note 
that if you are using this particular 
programmer, the “Atmel AVR ISP” 
software described in the instruc- 
tions is no longer available. A suit- 
able alternative, named “PonyProg”, 
is available free from www.lancos. 
com. Set up PonyProg for the “AVR 
ISP (STK200/300)” parallel port in- 
terface as described in the included 
documentation for compatibility with 
the programmer. 

Some readers may also be familiar 
with the more recent “AVR ISP Se- 
rial Programmer’, described in the 
October 2002 edition. This newer 
programmer will do the same job 
but connects to your PC via a serial 
(rather than parallel) port. Kits for 
this programmer are available from 
Jayear Electronics (Cat. KC-5340) 
— see WWW. jaycar.com.au. 

Note that as published, the AVR 
ISP Serial Programmer cannot pro- 


to a respectable level first — perhaps 
when you’ve been caught out with 
the wick wound up far too high! Mut- 
ing is indicated by the flashing of the 
second inverted decimal point (Fig.15, 
top left), which will continue to flash 
even during display blanking (when 
enabled), 


Multi-channel upgrade 


Finally, we’ve reserved buttons 1-6 
and the optional “Channel” front- 


gram the ATMega8515 — the code 
in the programmer's on-board micro 
must first be updated. An update 
is available from the SILICON CHIP 
website. If you’ve purchased your 
programmer as a kit, this update will 
already have been performed. 

Once you have a suitable program- 
mer, together with the necessary 
cables and Windows software to drive 
it, all you need to complete the job is 
a copy of the microcontroller program 
for the Remote Volume Control & 
Preamplifier module. This can be 
downloaded from our website in a 
file named “DAVOL.ZIP”. This archive 
contains the file “DAVOL.HEX”, which 
needs to be programmed into the 
micro's program (FLASH) memory. 
Just follow the instructions provided 
with the programmer and software to 
complete the task. 

Finally, the various fuse bits in the 
ATmega8515 must be correctly pro- 
grammed, as depicted in Figs.17 & 
18. If you miss this step, your module 
may behave erratically! 


panel switch for a possible future 
multi-channel upgrade. This would 
allow up to five simpler slave modules 
to be daisy-chained off CON8, all un- 
der your command via remote control! 
Pressing any of these buttons causes 
“C1” (meaning “Channel 1”) to appear 
on the display — but has no other func- 
tion at present (Fig.15, top right). 
That's it— your new Remote Volume 
Control is ready for use. Sit back and 
enjoy the music. SC 
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MicroGram 


IP Gamera 
Monitor your surveillance 
camera remotely with a 
web browser. 
Cat 3594-7 $199 


Computers 


1800 625 //7 


ask@mgram.com.au 
www.mgram.com.au 
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USB VGA Adapter 


Plugs into a USB 2.0 port and 
allows the user to extend their 
desktop over two screens (or three 
screens if already using a dual head 
video card). 

Cat 15156-7 $179 


Extend USB 60m 


Extend any USB 1.1 device up to 
60m from the PC over inexpensive 
network cable (not included) 
Cat 11683-7 $99 


Wireless VGA Gateway 
Transmit VGA signals over a 
standard 802.119 network to the 
Wireless VGA Gateway. 

Cat 1008265-7 $549 


PCle to ExpressCard 
Use your new notebook ExpressCards in 
a standard PC. Requires a PCle 1x slot. 

Cat 2457-7 $109 


USB Microscope 


Easy to operate with simple 


12v Mobile PC 


Suitable for cars, boats, or 
space critical situations. 
With XP Pro. 

Cat 1168-7 $1699 


Digital 1/0 
to Ethernet 


This unit allows the user 
to remotely control 7 Digital 1/0 ports and 
1 RS232/422/485 port over LAN or WAN. 
Cat 15157-7 $329 


Macro Keypad 
This 20 key keypad allows the user to store 
multiple keystrokes or complex commands 
under one key. 
Cat 8904-7 $299 


Magnification and focus 6 y Serial to 
control. 
Siro & What's New? ta 
3 Easily web enable 
DVD/CD Carousel E your a devices. 
| Cat. No. Description Price Available in 1, 2, 4, and 8 port models. 
with software. Cat 2860 
Cat 6303-7 $269 2860-7 PCMCIA USB 2.0 PC Card $68 
3154-7 PCMCIA 2 port SATA RAID PC Card $89 
6940-7 USB 2.0 to IDE/SATA Adapter with One Touch Backup $68 
Dual HD NAS 6941-7 USB 2.0 to eSATA Adapter $55 
crease te ae 3668-7 Outdoor IP Camera with Night Vision Om 10226 Cal 
space on oul peor 10226-7 Sk i Laser Barcode Scanner 
with this easy to install ype Dualphone Stand alone Model - no pe required! $339 
dual IDE NAS. 23050-7 HDMI Switch 3 to 1 $199 Comes with a stand and a 5 year 
Cat 6900-7 $249 a warranty! Attaches to a PS/2 port. 
6942-7 USB 2.0 Flashdrive supports Vista ReadyBoost 1Gb nue + Cat 8613-7 $399 
USB EPROM 6943-7 USB 2.0 Flashdrive supports Vista ReadyBoost 2Gb $78 
Programmer ) 6944-7 USB 2.0 Flashdrive supports Vista ReadyBoost 4Gb ——y $163 (aaa 
This programmer = 4759-7 Digital LCD Photo Frame 7" $199 LGA775 i 
connects to a USB ¿j > 4760-7 Digital LCD Photo Frame 8' $279 Motherboard Y 
port & has a 32 pin ~~ à 
ZIF socket. It will 3669-7 License Plate Recognition Surveillance Software - 1 Lane $1700 with ISA al 
program from 16k to 8M. 3670-7 License Plate Recognition Surveillance Software - 2 Lane $2900 This 19156 based motherboard supports 
Cat 3624-7 $499 19008-7 USB Telephone Recorder $167 Pentium D CPUs and has 2 ISA slots. 
| 6945-7 DVD/CD Duplicator - 1 to 1 ez g5gg  Cat17101-7 $699 
PCI to PCMCIA Adapter 6946-7 DVD/CD Duplicator - 1 to 5 Cat 4760 $1799 ; 
Allows the use of PCMCIA us 6852-7 DVD/CD Duplicator - 1 to 9 $2999 Wireless 
a n devidas 19009-7 Telephone Visual Signal Alert ktos $129 TV Sharer 
notebooks in a Transmit Video and Audio signals 
standard desktop PC. AR 11929-7 Wireless RS-485 Link - Up to 900m Line of Sight (RCA) up to 100m over a wireless link. 
Cat 6539-7 $89 / 17110-7 Hard Disk Encryptor / Security Key - PCI Card $199 Also relays an Infrared remote control. 
17111-7 Hard Disk Encryptor / Security Key - Front Bay $199 Cat 11808-7 $79 
6947-7 eSATA 4 Port Hub $184 i 
Digi tal 6948-7 eSATA 5 x Hard Disk Enclosure $799 n Me ell 
1/0 PCI Card 11627 10" LCD - Splashproof Sunreadable LCD SOETERS si7a9 | DME a 
z 2 s i Extender La S 
. Features 8 opto isolated digital 1183-7 10” LCD - Splashproof Sunreadable LCD with Touchscreen Call 
input channels & 8 reed relays. 1184-7 17" LCD - Splashproof Sunreadable LCD $3099 Extend DVI up to 25m over network cable. 
Cat 17074-7 $399 1185-7 17" LCD - Splashproof Sunreadable LCD with Touchscreen Call Cat 3628-7 $269 


Overnight 


Not sure what's needed? Call us for friendly advice! 
delivery 


available* 


ask@mgram.com.au phone: 1800 625 777 or visit www.mgram.com.au 


Reseller 
inquiries 


welcome 


* Parcels under 3kg to major centres. All prices subject to change without notice. For current pricing visit our website. Pictures are indicative onl (39) 
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COMPONENT VALUES SHOWN IN RED 
ARE MODIFIED FROM THE ORIGINAL 
MOVING MAGNET DESIGN. 


IC1, IC2: LM833 


lF NP 


18nF | 68nF 


Preamplifier for moving coil magnetic cartridge 


Most magnetic cartridges have a 
moving magnet that is attached to 
the stylus assembly. As the stylus 
tracks the record groove, the mov- 
ing magnet induces corresponding 
audio signals in the coils of the 
cartridge and these are fed to the 
left and right channels of a stereo 
preamplifier providing RIAA fre- 
quency .equalisation. So virtually 
all RIAA preamplifiers are designed 
to cater for “moving magnet” car- 
tridges. 

However, there is a less common 
type of magnetic cartridge, which is 
referred to as “moving coil”. As the 
name suggests, this has very small 
coils attached to the stylus assembly 
and these are “bathed” in a fixed 
magnetic field. 

Partly because the coil assem- 
bly in these cartridges is so small, 
their output signal voltage is much 


As you can see, we pay good money 
for each of the “Circuit Notebook” 
items published in SILICON CHIP. But 
there are four more reasons to send in 
your circuit idea. Each month, the best 
contribution published will entitle 
the author to choose the prize: 
an LCR40 LCR meter, a DCA55 
Semiconductor Component Ana- 
lyser, an ESR60 Equivalent Series 
Resistance Analyser or an SCR100 
Thyristor & Triac Analyser, with the 
compliments of Peak Electronic Design 


smaller than the signals from a 
moving magnet cartridge. However, 
some audiophiles prefer the sound 
quality of moving coil cartridges 
and hence there is demand for a 
suitable RIAA preamplifier, which 
must provide considerably more 
gain. 

In fact, a number of readers have 
asked us to provide a variant of the 
Magnetic Cartridge Preamplifier 
featured in the August 2006 issue 
of SILICON CHIP. Fortunately, this is 
relatively easy to achieve because 
the preamp has two op amp stages to 
provide the required higher gain. 

The modified circuit is shown 
above. In essence, all the changes 
have been applied to the first op 
amp stage (IC1a), leaving IC2a 
unchanged. The most significant 
change to IG1a involves a much 
lower input impedance and a lower 


Ltd — see www.peakelec.co.uk 
So now you have even more reasons 
to send that brilliant circuit in. Send tt 


1500 
O LEFT 
OUTPUT 


-12V  YRīiaļb} 


¡ME 10k 


560pF 


COMPONENT AND PIN 
NUMBERS FOR RIGHT CHANNEL 
SHOWN IN BRACKETS. 


impedance feedback network. The 
lower input impedance is required 
for matching with the low source 
impedance of a typical moving coil 
cartridge. The lower impedance in- 
put network also allows the op amp 
input circuit to “see” a much lower 
source impedance and thereby 
deliver a lower residual noise. The 
lower impedance feedback network 
has the same effect. 

While the feedback values are 
changed, they still provide the same 
RIAA equalisation as our August 
2006 design but about 10 times more 
gain. The remainder of the required 
gain is provided by op amp IC2a and 
this can be set to suit the particular 
cartridge by adjusting potentiom- 
eter VR1a. Identical circuit values 
are used in the second channel, 
involving IC1b & IC2b. 

SILICON CHIP. 


Contribute And Choose Y 


to SILICON CHIP and you could be a 
winner. 

You can either email your idea to 
silchip O siliconchip.com.au or post it to 
PO Box 139, Collaroy, NSW 2097. 
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CHANNEL 
INPUT 
VRla 1pF 
10k 
LOG MKT 
100k 
51 


Portable headphone 
amplifier 

Many portable CD/MP3 players 
exhibit high levels of distortion, 
even at reasonable power output 
levels, This low-distortion port- 
able amplifier design can improve 
sound quality significantly by boost- 
ing signal levels to your favourite 
headphones. The idea originates 
from a simpler design by Cho Moy, 
described at www.headwise.com. 

Each channel is driven by a high- 
performance OPA 2134 op amp (101), 
configured as anon-inverting ampli- 
fier with a gain of about 15dB. Note 
that only the left channel is shown 
for clarity. 

The 9V battery supply is split 
into +4,5V rails by a BUF634 
high-speed buffer IC, which is 
wired as a “virtual ground” 
generator, [ts output (pin 6) 
drives the ground rail ofthe 
circuit to the mid-point of 
the battery supply, as seen 
on its input (pin 3). 

Although the OPA2134 is only 
specified for driving loads down 
to 600Q, it gives a good account of 
itself when driving the author’s 60Q 


a A \ 2 


HEADPHONE 
OUTPUT 


FROM RIGHT 
CHANNEL OUTPUT 


BUF634 PIN NUMBERS ARE FOR 8-PIN DIP 


fe y Goodwin 
Koss Sport- ‘vin month's 
ner 
apro head- eak Atlas ye 
phones. The Instrumen est 
OPA2134PA 7 


and BUF634P are 
available from www. 
farnellinone.com.au, stock numbers 
109-7574 & 483-1387, respectively. 
Editor’s note: output power is 
easily doubled by adding a second 
op amp and 47Q resistor in parallel 
with the existing op amp in each 
channel, as shown by the second de- 
vice (IC1b} on the circuit. Obviously, 
this would reduce battery life, so it 
should only be added if necessary. 
Martyn Goodwin, 
Viewbank, Vic. 
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eee” 


The prototype was constructed on 
Veroboard and housed in a handheld 
instrument case with an integral 9V 
battery compartment. 
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DEVIL 


Introducing the new 
and exciting range of 
Hot Devil Soldering lrons 
and Gas Torches 


POWERED BY BUTANE GAS 


BLOW TORCH 
, 2 FOR 1 BONUS PACK 


Temp to 1300 °C 
Supplied with 
Bonus Pocket 

Torch valued at 
$12.95 R.RP. 


HOT DEVIL 


Model No. 
MT6000SB 


Needle Point Tip 
sald separately 
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Interesting circuit ideas which we have checked but not built and tested. Contributions from 
readers are welcome and will be paid for at standard rates. 


+12V FROM IGNITION 


12V VEHICLE 
START BATTERY 


NOTE: ALL 
RELAYS SHOULD 
HAVE CONTACTS 
RATED FOR 40A 


24V ON JA 
LED2 (> 


= hatg 
a Y 


K 


12/24V auxiliary 
power system 


This circuit provides a switch- 
able 12V or 24V DC auxiliary power 
output using two 12V lead-acid bat- 
teries, three 40A automotive relays 
and two switches. It ensures that the 
vehicle battery is not drained when 
the ignition is off and automatically 
connects the batteries in parallel 
when charging, even if series con- 
nection (24V) is selected. 

In more detail, when the 24V 


seras Aa Dore 


D1 - D3: 1N4004 
= -E 


A K 


selection switch (S2} is open, the 
auxiliary batteries are connected in 
parallel via RLY3’s normally closed 
(NC) contacts, supplying 12V to 
the load. Closing 52 actuates RLY3, 
connecting the batteries in series to 
provide 24V to the load instead. 
Switch S1 is closed to charge the 
batteries from the vehicle's electri- 
cal system. Power to one end ofthis 
switch is supplied via the closed 
contacts of RLY1, which only pull 
in when the ignition is switched 
on. This eliminates potential drain 


LEDS 


BATTERY 
(DEEP CYCLE) 


12V AUX 
BATTERY 
(DEEP CYCLE) 


from the vehicle battery. Once 51 is 
closed, power is removed from one 
end of S2, disabling RLY3 and en- 
suring that the batteries are always 
charged in parallel. 

The main feed line to the circuit 
must be protected with a 40A auto- 
motive fuse (F1). A second fuse (F2) 
adds insurance against the failure of 
RLY3, which could theoretically see 
the terminals of the lower auxiliary 
battery shorted together. 

Anton von Sierakowski, 

St. Arnaud, Vic. ($40) 
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PLUS Pap 


Available Aust, only. Price: $413.95 plus $7 p&p per order (includes GST). Just 
fill in and mail the handy order form in this issue; or fax (02) 9939 2648; or call 
(02) 9939 3295 and quote your credit card number. 
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200V 2 x 30A Super Fast Diodes 
Device: SF3004PT 
Vrrm: 200 dd 
If: 2 x 30A $1.50: 
Package: TO-247AC 
#35365 
1000V 10A Glass Passivated 
Bridge Diode 
Device: TS10P07G 
Vrnn: 1000V Soe ' 
IF. 10A ae 
* Data Sheet Available * #29237 
Soldering Iron Tip Cleaner and Holder 
Made of low abrasive shavings 
No water necessary 
No Temp. drop when cleaning 
Heavy duty stainless steelholder 
Rubber foot holder 
* Won't damage soldering Tips #26680 


With back shell & cable Clamp 
* Solder Type 


#35180 Plug 
#35181 Socket 


4 Way R/A Barrier Type Term. 


(With cover) 
Type: 4 Way Barrier 
(Right Angle PCB) 
Rating: 20A @ 300V soso. ay 


Overall Length: 40mm 
Width: 15mm MIN QTY 5 #34826 


2.5kQ Wire Wound Pot 


Desc: Wire Wound Pot 
Value: 2.5K Jasé 
#34706 


Leaded Ferrite Bead on 0.64mm OD Wire 


Device: BDW3.5/6-354-L63 mn OS NS 

Function: Leaded Ferrite Bead pe 

Size(mm): OD =3.5 L=6 j SS 

Manuf: Ferroxcube EN N > 

#34861 MINQTY oe 

5VDC Coil 2A 30VDC-5A 125VAC Contact 

Device: G5V-2 5VDC 

Power Consumption: 500mW 

Type: DPDT 

Switching Current: 2A @ 30VDC 
0.5A (Y 125VAC 


Switching Power: 60W 
Coil Resistance: 50 Ohm #31240 


12VDC DPDT Switching 10A 240 
Device:ox-137 PCB Relay 


Contact: DPDT 10A 240VAC sty $ 
10A 28VDC 5 
Size(WDH min): 27 x 21 x 35 


VAC 


En 


#34978 


TO-220 Dual Case Heatsink 
Desc,: TO-220 Dual Case Heatsink 
Material: Aluminium,Blk Anodise. 
Dim.: 46 x 46 x 3lmm 


Manuf.: AAVID THERMAL 


Part No: 553044B00000 
#29296 


-$0.50 pra 
$0.50 MIN QTY $5 


A 
YY 


ELECTRONICS. 


HOC vv 


Y MY, 
Sa A 56 Renver Rd. Clayton 


ABN# 3991 7350 807 Victoria 3168 
| ACN# 006 829 821 


(4 SS Rockby Electronics Pty Ltd 


100kHz 2.5A Switching Regulator 


Device: LTI171CQ 
Function: 100kHz 2,5A Switching 


Regulator 
5$ 1.007 


Package: DD-Pak 
* Data Sheet Available 
#31199 
30mcd @ 2mA Dark Blue 
Type: SMD LED 
Colour: Dark Blue 
Lens: Water Clear 
Lum: 30mcd @ 2mA 
Manuf.: QT 
*For Data See Web * 


60V 70A 35W N-Ch Power Mosfet 


Device: 25K3061 
ID: 70A a 


Watts: 35W TAS 


Case: TO-220 
** For Dala See Web ** 


240AC Coil 5A Contact DPDT 


Device: FRL263 A240/02CK `n 30.86 


Contacts: DPDT 5A 
Coil: 220VAC E 
MIN QTY $ 


#29333 


A AS A, 
<= LLG 
> EAs 
yw \ MIN QTY 20 
4N28 Opto-Coupler 
Device: 4N28 


If: 60mA ithe 


or” 
Vceo: 30V a 


Viso: 7500pk 
#34798 


Package: DIP-6 
2200uF 35V 105° Radial Electrol.Cap. 


Type: Radial 
53 0.207 


Size (LxD mm): 31.5 x 16 
#32797 


NEC #3530 


2-11pF Varicap Diode 
Device: BB521 
Range: 2-11 pF 


#26724 


MIN QTY 10 


Temp: 105° 

Lead Spacing: 7.5mm 
* Pre Cut Legs * 
Manuf: SAMWHA 


100nF 1600VDC MKP Capacitor 


Value: 100nF (0. 1uF) SA = 
"$0.50" +... 


Volts: 1600VDC 
#34889 


Type: MKP 
15,000uF 16V 105° Snap-in 
Type: Radial (snap-in) whys , 
Temp.: 105 DEG -$1.00- | 
#33563 


Pin Spacing: 27.5mm 
Size: 25 x 35mm. 


MIN QTY 20 


Size: 31.5 x 24.5 x]4mm 


Positive 12V Regulator 100mA 
Device: LM78LI2ACZ 
Rating: +12V 
Package: TO-92 


1” Long 14 Way .1” Spacing Flexistrip 


Device: PSN-21A-14 - i 
Descripton: 14 Way 0.1” o 
Spacing Flexstrip A 


n è 
` US 


Current: 3A AE 
Volts: 300 VAC YO 


P.O Box 1189 Huntingdale 


Victoria 3166 


Ph: (03) 9562 8559 Fax: (03) 9562 8772 


#23873 
. A 
-a MINOQTY 20 


Type: Radial 

Temp: 105 Deg 
Size: 10x20mm 
Lead Spacing: 5mm 
Supplied Tape & Reel 440612 


5 Pair Jumper Lead set 
Coloured jumper leads 

with alligator clips on | 
each end 


#13572 $2.00: 


8mm Red 7-Segment CA Display 


Device: LSD3365-20 
Type: Common Anode 
Digit Size: 8mm 


Size(HWD mm): 13 x 7.5.x 6.5 Y E 
Manuf.: Ligitek 
$0.30. 


pin 


MIN QTY 10 
#34968 


SMC PCB 50-Ohm RF Connector 


Device:86 SMC-50-2-7/133 
Imp:50ohm 


Mounting:PCB ELBOW » r 
Manuf:SUHNER ed 
#26750 MIN QTYS 


Hall Effect Micro Switch 20mA Sink 
Device: 37XL1 1-03 

Desc: Hail Effect Micro-Switch 
Vs: L.2VDC to 1OVDC 
Load: 20mA Sink 

Manuf: HONEYWELL 
Body Size: 28 x 16 x 10mm 
* Data Sheet Available * 


#32925 


30V 4A 20W P-CH SMD FET 
Device: 28J325-Z-El 


Polarity: P-CH uE 
Vds: 30V donk 

Id: 4A 90.5 

Pd: 20W 


Package: D2-PAK MIN QTY 5 


#34969 


7.3728MHz Crystal Oscillator 


Fq.(MHz): 7.3728MHz 

Load Cap. 30pF eLo 

Package: 14-DIL “$0.50: 

#10250 MIN QTY 5 


FKC2 WIMA Polycarbonate Cap. 
Value: 1000pF (InF) +. 


Voltage: 100V 0.0 ee 
HE 
Spacing: Smm mov 


Tol.; 2.5% 
Size(mm): 2,5x6,5x7.2 
Manuf.: WIMA 


#34799 


1kQ 24-Turn Multitur 
Value: 1kQ 

Type: Top Adj 

Power Rating. 0.5W 

Voltage: 300V 

Manuf: Spectrol 64Y #33756 


MIN QTY 50 


n Trimp 


ro 


MIN QTY 10 


3-28pF Film Trimmer Capacitor 


Range: 3 - 28 pF 5 ` 
0.257 yÅ 
MIN QTY LO * 


Colour: Red 
10uF 160V 105° Electro Cap 


#35354 
-$0.20 


MIN QTY 10 


Web Address: www.rockby.com.au 
Email: salesdept@rockby.com.au 


* Stock is subject to priors = 


ELEC ELECTA S 
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Odd/even day 


watering solution 


Recent changes to garden water- 
ing laws have caused problems for 
some sprinkler controllers. The 
author’s old controller could water 
on set days of the week or could be 
programmed to water every 2, 3 or 
4 days, for example. 

However, to suit Victoria’s odd/ 
even day watering cycle, it would 
need to be programmed for every 
2nd, 4th or 6th day and then reset 
at the end of every month with an 
odd number of days. 

New controllers that can handle 
this scenario without a reset at the 
end of the month are expensive 
(upwards of $250), The author set- 
tled on the reasonably priced Orbit 
94946 (around $50), which can 
handle odd/even days and accounts 
for calendar months. Its only weak 
point is that it cannot water every 
odd 4th day, for example. 

To get around this problem for 
minimum cost, the pump output 
from the Orbit controller can be con- 
nected to the 24VAC input of some 
older controllers — in this case, a 
Pope (see Fig.1). The non-switched 
24VAC lead must be common to 
both units, as shown on the dia- 
gram. The sprinklers simply remain 


Fun with 
flashing LEDs 


Flashing LEDs can be used in a 
variety of ways, some of which may 
not be immediately obvious. This 
collection of circuits (Figs.1-11 on 
the facing page) should provide 
some ideas. 

The basic flashing LED circuit 
is shown in Fig.1. Adding an ordi- 
nary LED in series (Fig.2) results 
in two flashing devices, while two 
in parallel (Fig.3) gives an “astable 
multivibrator” effect. 

Want to flash more than one 
ordinary LED? Easy, just add any 
general-purpose, small-signal NPN 
transistor (Fig.4) to flash several at 


SILICON CHIP 


El A 


2 3 4 
ES 


6 PUMP 24V 24V 


Fig.1: this diagram shows how the pump output from an Orbit sprinkler 
controller can be connected to the 24VAC input of a Pope controller to give 


greater programming versatility. 


wired to the Pope controller. 

In the author’s setup, the Orbit 
controller is programmed to water 
every odd day and the Pope con- 
troller to water every Wednesday, 
Thursday, Saturday and Sunday. 
The end result sees the garden 
watered four times a fortnight, on 


odd days. 


once. Replacing the resistor in the 
basic circuit with a piezo buzzer 
(Fig.5) provides a “beep-beep-beep” 
alarm is addition to the flashing LED 
— very attention getting! 

The basic circuit can also be used 
to drive one or more digital ICs, as 
shown in Fig.6. In this example, the 
4017 decade counter’s outputs can 
each drive a LED (or up to three in 
series) for an eye-catching display. 
One possible use might be to arrange 
the LEDs in an electronic die to 
achieve an ever-rolling die effect. 

Schmitt trigger type CMOS gates 
can also be used with success. In 
Fig.7, four gates drive four ordinary 
LEDs. This is altered slightly in 
Fig.8, where the gates are paired to 


Many other watering combina- 
tions are possible using this basic 
scheme. For example, setting one 
controller to water on Monday, 
Thursday and Sunday will result 
in watering three odd days a fort- 
night. 

Ralph Smith, 

Melbourne, Vic. ($35) 


generate two multivibrator flashers. 
Up to six LEDs can be driven from 
a single 4584 or 4106 hex inverter 
package (Fig.9). Again, this can 
be rearranged as desired to drive 
alternate pairs (Fig.10). 

If all you need is lots of LEDs 
flashing together, then replace the 
resistor in the basic circuit with a 
50040 reed relay (Jaycar SY-4030) 
— see Fig.11. This simple circuit 
will drive as many LEDs as the re- 
lay contacts can handle, and could 
work well as a bicycle tail-lamp. 

The flashing LED used in all of 
these circuits came from Jaycar 
Electronics, Gat. ZD-0240. 

A. J. Lowe, 

Bardon, Qld. ($100) 
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These binders will protect your 
copies of SILICON CHIP. They 
feature heavy-board covers & are 
made from a distinctive 2-tone 
green vinyl. They hold 12 issues & 
will look great on your bookshelf. 


* 80mm internal width 


* SILICON CHIP logo printed in 
gold-coloured lettering on spine & 
cover 


* Buy five and get them postage 
free! 


Price: $A13.95 plus $A7 p&p per 
order. Available only in Aust. 


Silicon Chip Publications 
PO Box 139 
Collaroy Beach 2097 
Fax (02) 9939 2648 or phone (02) 


9939 3295 4 quote your credit 
card number. 
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NOT A REPRINT — Completely NEW projects — the result of 
two years research & development 

O Learn how engine management systems work 

O Build projects to control nitrous, fuel injection and turbo boost systems 
O Switch devices on and off on the basis of signal frequency, temperature and voltage 


Circuit Notebook - Continued 


LCD clock 
battery upgrade 


The button cells used in LCD 
clocks are expensive to replace, 
often have a useful life of less than a 
year and are never to be found in the 
bottom drawer when needed! One 
solution is to replace the button cell 
with a standard AA-size cell. 

All that’s needed to modify a 
typical LCD clock for operation 
with the larger cell is an AA cell 
holder (available from all the usual 
outlets) and some double-sided tape 
to attach the holder to the rear of 
the clock case. 

Another annoyance when the 
battery runs flat is the need to reset 
the date and time after it is replaced. 


O Build test instruments to check fuel injector duty cycle, fuel mixture and brake and 


coolant temperatures 


Mail order prices: Aust. $A22.50 (incl. GST & P&P); Overseas $A26.00 via airmail. 


Order by phoning (02) 9939 3295 & quoting your credit card number; or fax the details 
to (02) 9939 2648; or mail your order with cheque or credit card details to Silicon 
Chip Publications, PO Box 139, Collaroy, NSW 2097. 
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This problem is easily overcome by 
mounting a “super” capacitor across 
the cell holder. A 0.047F value was 
used in the prototype, but you could 
also use a larger 1F unit (available 
from Altronics and Jaycar). With the 
0,047F super capacitor installed, 
the prototype runs for more than 
two minutes when the AA cell is 
removed. 

Take particular care with the 
polarity of the capacitor and bat- 
tery holder, as accidental reversal 
of either item may result in clock 
and/or capacitor damage. Unfortu- 
nately, a diode cannot be used as a 
polarity protector due to its forward 
voltage drop. 

Michael Ong, 

City Beach, W.A. ($25) 
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PRODUCT SHOWCASE 


Unique Aussie AM-FM Radio Broadcast Receivers 


Three specialised high per- 
formance AM-FM radio broad- 
cast receivers, designed and 
manufactured in Australia by 
Elan Audio, offer professional 
users significant advantages 
over traditional receivers. 

Normal communication re- 
ceivers are designed to receive 
speech only and have high 
gain, narrow bandwidth and 
a restricted audio-frequency 
response in order to pick up 
low-level radio signals with 
minimum interference and 
maximum intelligibility. 

They usually suffer from 
high detector distortion and 
sideband clipping and generally do not sound 
particularly pleasant on speech, and quite 
bad on music. 

The new Elan radio receivers are designed 
specifically to receive broadcast programs 
and have wide bandwidth input and IF cir- 
cuitry with low-distortion detectors. Allthree 
receivers use the same “front end” receiver 
module developed by Elan Audio, which is 
based on a high performance car radio IC 
developed by Philips in Europe. 

The RMR-01 Monitor Receiver System 
is designed for use by radio broadcasters as 
the primary high-quality studio off-air moni- 
tor receiver or as a general monitor receiver 
at transmitter sites. It allows a broadcaster to 
accurately judge transmission quality and to 
draw attention to potential problems. 

The RRR-01 Versatile Receiver is a highly 
versatile AM-FM Radio Receiver suitable for 
use in a number of different applications. 


Cree, Inc. a leader in 
LED lighting components 
and represented by Cutter 
Electronics announced 
that its award-winning | 
XLamp XR-E LEDs are 
qualified for use in high- = 
power applications of up to 1A, 

The XR-E LED produces luminous flux 
of up to 210 lumens at 1A, with typical 
luminous flux of 176 lumens. 

Cree claim that the XLamp XR-E is the 
best-performing power LED currently in 
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Cree XLamp XR-E LEDS pow a up to 210 Lumens 
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Less costly than the RMR-01, it does not 
incorporate audio distribution and alarm 
facilities. Audio performance is identical to 
the RMR-01 and may be used as a primary 
off-air monitor receiver in conjunction with 
the Elan Audio RAA-01 Receiver Accessory 
Unit, or other external equipment. 

Finally, the SMR-01 Scanning Receiver 
is a “smart” or scanning monitor receiver 
intended for installation at a remote location 
where it can scan and monitor up to eight 
mixed AM or FM broadcast stations in its 
service area and report by fax if it has lost 
carrier or modulation. 


Contact: 

Elan Audio 

2 Steel Court, South Guildford, WA 6055 
Tel: (08) 9277 3500 Fax: (08) 5334 1845 


Website: www.elan.com.au 


production. 

it is now qualified for 
extended performance in 
higher-power applications, 
such a portable lighting, 
where maximum light output 
is required. 


Contact: 
Cutter Electronics 

5 Highgate Way, Rowville Vic 3178 

Tel: (03) 9753 9911 Fax: (03) 9753 9455 


Website: www.cutter.com.au 


Picaxe now available 
from Wiltronics 


Along with their extensive range of 
school electronic, mechatronic and 
scientific supplies, Ballarat-based 
Wiltronics Research are now author- 
ised resellers of all Picaxe products. 

With the release of a brand new 
Scientific and Electronic Component 
wholesale catalog with in excess of 
10,000 stocked lines (a 40% percent 
increase), coupled with automatic 
accounts to all government and edu- 
cational facilities, Wiltronics remain 
committed to servicing the education 
market. 

The 2007 Catalog available is due 
into schools in early March and is also 
available on request. 

The full range of products is also on 
their website. 


Contact: 
Wiltronics Research Pty Ltd 

P.O. Box 4043, Alfredton, 3350 

Tel: (03) 5334 2513 Fax: (03) 5334 1845 


Website: www.wiltronics.com,au 


And/thelwinnern is: 


“TOROIDAL 
POWER TRANSFORMERS 


General _ 
Construction 


Manufactured in Australia 
Comprehensive data available 


Harbuch Electronics pty ita 
9/40 Leighton Pl. HORNSBY 2077 
Ph (02) 9476-5854 Fax (02) 9476-3231 
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Want cheap, really 
bright LEDs? 


We have the best value, brightest LEDs 
available in Australia! Check these out: 


Luxeon 1, 3 and 5 watt 
All colours available, with 
or without attached 
optics, as low as 

$10 each 


Low-cost 1 watt 

Like the Luxeons, but much lower cost. 
*Red, amber, green, blue O 
and white: Just $6 each! 0 


Lumileds Superfiux © 
These are 7.6mm square and can be 
driven at up to 50mA continuously. 

e Red and amber: $2 each , 

e Blue, green and cyan: $3 each g 


Asian Superflux 

Same as above, but much 

lower cost. 

«e Red and amber: Just 50 cents each! 
e Blue, green, aqua and white: $1 each. 


Go to www.ata.org.au or call 
us on (03)9419 2440. 


OOPS! Yokogawa 
DMM price... 


Yokogawa Australia were de- 
lighted with the response to the 
mini review of their superb 734/02 
True RMS DMM (Product Showcase, 
February 2007). 

Perhaps the response was a little 
too good? 

The price quoted, $403+GST, was 
actually for a lower-spec model. 

The correct price is $493+GST. 

However, as a goodwill gesture, 
Yokogawa Australia are helping 
their sales agents, Trio Smartcal, 
honour the $403+GST price until the 
end of April 2007 for any reader who 
orders as a result of the review. 

So (nudge nudge, wink wink!) if 
you want to get yourself arguably 
one of the best DMMs we have ever 
seen, at what amounts to about 
20'% saving on the normal (correct!) 
price, we suggest you run, not walk, 
to Thies amarte al img them via 


April 30. 
Just make sure you tell them you 
saw the review in SILICON CHIP! 
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e-tie interfaces equipment to Ethernet networks 


An efficient method of interfacing 
application hardware to an Ethernet 


network, called the e-tie, has been de- KE 


veloped by Australian com- 4 
pany, ipembedded. Bees! 

Designed and man- (aa 
ufactured in Austral- e 
ia, the e-tie module 
makes the TCP/IP soft- 
ware stack transparent to the customer 
and requires very little board space for 
implementation. 

Basic hardware required to interface 
the e-tie is a 3.3V regulated supply 
(typically 160mA) and a Cat5 Ethernet 
cable. The e-tie can also run a dual 
input of 3.3V and 5.0V power sup- 
ply to aid the interfacing of external 
microcontrollers. 

The e-tie is shipped in a standard 
configuration as an http server with 
embedded web pages giving client 
access to digital inputs/outputs, 


serial inputs/outputs 
and analog to digital 
conversion readings. 
A software customi- 
Z sation service is also 
offered by ipembedded. 
If you have application hard- 
ware that doesn't require Ethernet 
attachment or remote client firmware 
updates, the e-tie contains a boot- 
loader programmed into the onboard 
PIC18LF4620 controller. The boot- 
loader uses standard Intel Hex files, 
generated (for example) from the 
freely-available MPLAB program from 
Microchip. Retail price of the e-tie is 
$89.00 including GST. 


PO Box 3048, Burnie, Tas 7320 
Tel: 0409 238 631 


Website: www.ipembedded.com.au 


Largest memory (4GB) on smallest (SDHC) flash... 


Driven by ever-increasing demands in 
mobile phones (especially), SanDisk has 
announced a 4GB microSD High Capacity 
(SDHC) card —the largest capacity of the 
world's smallest removable flash memory 
card. Release is planned for later in 2007. 

A 4GB microSDHC card can store more 
than 1,000 digital songs or more than 2,000 


of MPEG 4 video. 
SDHC is the new designation for any SD 
or SD-based card that is larger than 2GB. 


Contact: 

Sandisk Corporation (USA) 

601 McCarthy Bvd, Milpitas, CA 95035 
Tel: (0011 1) 408 801 1000 


Website: www.sandisk.com 


high-resolution pictures or up to 8 hours 


Fluke Multifunction Electrical Tester Calibrator 


Fluke Australia has released its 
new 5320A Multifunction Electrical 
Tester Calibrator, which calibrates 
many different types and models of 
electrical testers. 

Traditionally, calibrating electrical 
testers has required a lot of equip- 
ment which in turn requires main- 
tenance and training adding to time 
and cost, 

The 5320A replaces resistors, 
decade boxes, and other custom 
calibration solutions with a single 
instrument. It also features precision 
high voltage, high current resistors to 
give technicians better test uncertainty 
ratios. 

The Fluke 5320A Multifunction 
Electrical Tester Calibrator lets users 
verify and calibrate the following 
electrical testers: insulation resist- 
ance, continuity, earth resistance, 
hipot, loop/line impedance and 
ground bond, circuit breaker, leakage 


current, multifunction installation, 
portable appliance and medical elec- 
trical safety. 


Contact: 
Fluke Australia 


26/7 Anella Ave, Castle Hill, NSW 2154 
Tel: (02) 8850-3333 Fax: (02) 8850-3300 


Website: www.fluke.com.au 
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While its origins were in the 19 century, it is widely recognized 


that radio — and in particular broadcast radio — was one of the most 
significant developments of the 20% century. 


by Kevin Poulter 


he spark-gap transmitters which came into vogue _ tralia), was established by a small group ofradio enthusiasts, 
l after the turn of the century were capable of bridging motivated by Ray Kelly, in April 1982. Today, the HRSA has 
continents but were limited ae about 1000 members throughout Australia, with a number 

to telegraphy only — Morse code. wa in overseas countries as well. 


They spawned a lot of interest i 
amongst experimenters and Not just domestic radios... 


wireless enthusiasts but as a Australian mantel radios are the common interest, how- 

consumer item, they were a A. everthe HRSA includes collectors of all types of receivers 

lame duck. Á and even military radio equipment, television receiv- 

It took a lot more devel- Ñ ers, radiograms and more recently transistor 
\ 


opment to be able to trans- radios. The most advanced members have 
_mit (and receive) voice 400 to 1,000 radios in their collections, 
and music. But over the so much of Australia’s radio heritage 
next two decades such is preserved. 


development did occur What inspires people to share 
and radio broadcasting, their love of radio and related 


as we know it today, information? It is the history, 
became a reality. electronics innovation, devel- 
The equipment to opment and amazing quality 
receive those broad- of workmanship in older ra- 
casts naturally followed. dios. One of the greatest moti- 
Thanks to some inspired vations is the thrill of finding 
and creative inventors and and restoring a decrepit radio, 
producers from the early or even rescuing one from the 
1920s onwards, we can now Y Y” = all too common imminent final 
look back and see radios that Ape Y y = journey to the tip and bringing it 
are absolute works of art. The S A PF toas new condition. 
wiring is superb and the cases UN a A Stories that chill the blood of col- 
lovingly constructed to showcase the — y lectors abound, like a huge collection 
finest possession in the home. of 78 RPM records in fine condition, 
Many of these treasures should be in museums but due offered to potential collectors but as the 
to a lack of space and resources, plus the overwhelming owner was too far away, there was no re- 
demand for diversity in their collections, few radios are sponse. So the whole lot were burnt in a 
restored and displayed in public. bonfire. Another company, not so long ago, 
Fortunately, 25 years ago a group of radio enthusiasts cre- had too many valves, so a skip was hired, 
ated an organisation dedicated to saving and restoring many filled with these hard-to-get parts and 
of these iconic centrepieces of the 20th century way of sent to the tip. 
life. Now many collectors’ homes display jaw-dropping Most collectors especially like to 
collections of radio equipment and ephemera (posters, have at least one nostalgic example 
plans, circuits, advertisements and photographs). of the radio make and model that 
The HRSA (or Historical Radio Society of Aus- bought the world to their kitch- 
ens or lounge-rooms through- 
| out their childhood. 
The development, enjoy- 
ment and subsequent collect- 


| 


il 


In the 1920s, ‘coffin’ radios were connected to 
external horn speakers like this Amplion. The first 
car audio systems even had horn speakers. 
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ing of radios, had its origins with the music-box — the first 
mechanical device that reproduced tunes at will. We are 
familiar with the ‘barrel’ cylinder music-box, however there 
were also disc versions. Some had different discs or cylin- 
ders with a choice of tunes, either fixed in the music-box, 
or removable, like CD players. 

With this conceptual background, Edison made a monu- 
mental leap forward. He recorded sound onto materials 
such as wax, then reversed the process to replay it. From 
this earliest reproduction of sound via a needle there is a 
direct evolution to the sound, vision and computer discs 
we enjoy today. 

Edison made two more vital discoveries in radio’s early 
history: the carbon microphone and the diode valve. The 
difficulty with the diode was that he couldn’t think of an 
immediate application, so it was left to others to develop 
many years later. 


The first radio “broadcasts” 


Once the first sparks were sent through the air as Morse 
Code (which, incidentally, occurred in Italy in 1895), radio 
had begun. A host of inventors including Marconi made 
valuable contributions, until the public broadcasting of 
voice and music around 1920. 

Most radio broadcasts of the day were ad-hoc affairs by 
amateur operators using their own “home brew” gear. There 
were no such things as schedules or programming! 

Part of the reason was that there was virtually no receiving 
equipment, at least not in the hands of the general public. 

The first public radio broadcasting station is usually 

credited to Dutch 

amateur Hanzo 
Idzarda, who 
commenced 
transmis- 
sions from 
his station 

PCGG in 
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The first bakelite radio, 
the AWA Radiola G87, 
the pride of the AWA 
fleet, is one of the most 
sought-after radios 
amongst Australian 
collectors. Bakelite radios 
are sometimes discovered 
damaged, though most not 
as severely as this. HRSA 
member Ray Hosking restored 
this AWA C87 to like new. 


25 YEARS 


The Hague on ss 
6 November, 
1919. 

The BBC start- 
ed regular broad- 
casts on station 2MT from London on 14 
November, 1922 (even though it had been Y 
transmitting for some months before) and 
Australia joined the radio revolution when radio station 
2SB began public broadcasting on 23 November 1923. 

25B, owned by Broadcasters (Sydney) Ltd, had been in 
a race with rivals Farmer and Company, who promised in 
August 1923 to start broadcasting from their station, 2FC, on 
November 15. 2FC didn’t make their deadline and started 
on December 5t}, (2SB later became 2BL and both 2FC and 
2BL were later absorbed into the Australian Broadcasting 
Commission, or ABC). 

Some suggest 25B wasn’t the first station to “broadcast” 
in Australia. It was the first to “officially” broadcast regular 
programming but the honour of first in Australia belongs to 
renowned radio pioneer, Charles Dansie Maclurcan, whose 
station 2CM in Agnes St, Strathfield started in 1921 with a 
90-minute concert every Sunday night. Maclurcan in fact 
had the first licence to broadcast in Australia. 

And if you're looking for a question to stump even the 
most ardent trivia buffs, the first piece of music “officially” 
broadcast in Australia (on 2SB) was “The Swan” (Le Cygne), 
from Saint Saens’ “Carnival of the Animals” (Carnaval des 
Animaux). 


Do it yourself! 


Soon private and 
commercial con- 
structors were 
making su- 
perb valve 
radio re- 
celvers 
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and crystal sets, aided by a host of magazines on the subject. 
Reception was regenerative or superheterodyne (superhet). 
True crystal sets, now highly sought after by collectors, were 
built into wooden bases or ornate boxes. My grandfather 
built a crystal set with twin headphones, so he and his wife 
could both listen to radio in bed at night. 

The valve receivers in the 1920s were in ‘bread-box’ 
shape, with a lid for access to the electronics and valve 
replacement. Collectors irreverently nickname radios of this 
era ‘coffin radios’, due to their outline. Wood was the most 
common cabinet material, though a few were in metal, with 
the brand embossed on the case or added as an embossed 
metal plaque. 

By 1930, two new styles appeared, ‘Cathedral’ and ‘Con- 
sole’. The Cathedral mantel and table radios had a curved 
peak, reminiscent of Gothic-style archways and windows, 
finished in wood or B akelite while the Console was a big- 
sound, floor-standing, waist-height radio. 

The Console benefited from its spaciousness, with room 
for a large speaker and the huge case acting as a superior 
baffle. The Console’s sound was big, with rich tones. 

Both types became immensely popular as manufacturers 
competed for the finest decorative furniture appearance, at 


THE CRAZE THAT’S SWEEPING THE WORLD PRESENTED TO AUSTRALIA 
for the first time 


@ SMALLER THAN A MANTEL CLOCK 
@ WEIGHS SAME AS A JUNIOR MOVIE 
CAMERA 


O GUARANTEED SAME POWER AS 
FULL-SIZE SET 

® GUARANTEED SAME RANGE AS 
FULL-SIZE SET 


oe. R with you anywhere 
. gives 


= handful of Radio marvel . 


(SOTUAL PHOTOORAPID « «Just plug into y A mt Highs oock 
è eee 


ASTOR 


5 VALVE SUPERHETERODYNE 


MICKEY MOUSE 


£12112 


Much smalict than any uther receiver on the market; measuring 


The Astor Mickey mantel radio was 

the first Bakelite Mickey, with the name ‘Mickey Mouse’ on 
the front. After losing a trademark infringement battle with 
Disney, the next model was licenced and had a Mickey on 
the dial and in a colour transfer on the rear. 

(Below left): once Astor could legally use the name and image 
of Mickey Mouse, the character featured prominently on their 
radio and advertising, such as in this advertisement from the 
December 1933 edition of Wireless Weekly. 


an affordable price. Householders took great 
pride in displaying them as the feature of 
their homes. 

In the early 30s, a plastic-like material called 
Bakelite revolutionised the mass-production 
of radios (and indeed many other products, 
diverse as wall power/light switches, pens and 
even women’s jewellery such as bangles). Pro- 
duced under immense pressure, Bakelite could 
be manufactured into cases with thousands of 
identical shapes, with many different colours. 
It was very durable and simply wiped clean. 

Australia’s first Bakelite set, the C87 made 
by Amalgamated Wireless of Australia (AWA), 
was made in 1932. Soon manufacturers found 
they could add flecks or veins of colour, re- 
sembling marble, making radios that are now 
highly sought-after. And radio electronics 
progressed beyond regenerative receivers to 
top-performing superhet designs. 

Mains power was not supplied in many 
towns and farms, so battery sets were very 
common. People in the bush demanded high 
performance so they could hear distant stations 


perfect inter. 
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onfy 104 in. long by 7 in. bigh by 54 in. wide, entire receiver can easily 
bet octecaled Ibe hind tan eat pel of e cach 


Interstate perro e E A performance achieved 
by new 2-in-one hic purpose valves, Logs 30 to do stations. 


Automatike ic Control DE fading and stops blasting. 


New South Wales Distributors: SMITH, SON and REFS LTD., Wentworth Avenue, Sydney. 
Wireless Weekly, December 15, 1933 
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clearly, so Australian radios compared well 
with the best in the world. 

During the Cathedral era in the 1930s, As- 
tor radio introduced the Mickey Mouse radio, 
a small mantel with big radio performance. 
Disney objected to the use of his character’s 
name and Astor chairman Sir Arthur Warner 
fought his request for a small royalty through 
the courts, until Disney won. 

Once Astor was obliged to pay royalties, they 
took full advantage of the rights and produced 
a revised Mickey Mouse radio, with a cartoon 
Mickey on the front and the rear and in adver- 
tising. This radio had a very long product life, 
with a version still being sold in 1943. 
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When Astor decided to drop the Mickey Mouse drawings 
and not pay royalties, a new plastic-cased radio was still 
cheekily called ‘Astor Mickey’. Both Astor Mickey radio 
series had longevity, selling for about a decade. Imagine 
the tooling and production savings. Today an electronic 
product's sales life can be less than a year. Certainly this is 
true of car audio manufacturers who produce one or two 
model range updates every 12 to 18 months. 

AWA, led by Sir Ernest Fisk, designed technologically 
advanced radios. The AWA C87 bakelite set, previously 
mentioned, is now one of the most sought-after and valu- 
able radios in collections today. 

By the mid-thirties, AWA designed a large mantel radio 
said by some to be modelled after the AWA building head- 
quarters in Sydney. Due to the skyscraper like appearance, 
the radio has the moniker ‘Empire State’, after the famous 
classic American skyscraper. The style remained in a 
number of different variations for many years. 

The small Bakelite mantel radio became the most afford- 
able and purchased radio in the 1940s, with most moving 
from the big radio in the lounge room to a more compact 
unit in the kitchen. After all, the kitchen is where most 
people had the time to listen. 


Danger, Will Robinson, Danger! 


While some early battery-operated radios are still oc- 
casionally discovered, nearly all collectable radios these 
days are mains-operated. And they are obviously old, so 
the HRSA promotes safety as paramount. 

For example, in some models of the Empire State ra- 
dio, heat-insulating material was placed between a valve 
and IF (intermediate frequency) transformer, to avoid the 
transformer drifting off tuning as the radio heats up. The 
insulating material? Asbestos! 

Don’t blame the manufacturer — in its day, asbestos was 
considered a wonder insulator and nobody knew of any 
harmful effects. Today we know that you should not break 
up or even touch this material without protection. Some 
authorities even maintain the slightest inhalation is highly 
dangerous. 

Despite this, left alone, asbestos poses little health risk, 
so most states still allow sales of collectable appliances 
with this material. 

Incidentally, we have also seen asbestos in radiograms 
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Older radios should not be turned on, ‘to see if they 
work’, as capacitors and other components short or open 
circuit with age. These capacitors have obvious leakage. 
Restorers replace capacitors with modern types. To show 
future generations how the original radio looked, the 
chassis is photographed before repairs. The replaced 
capacitors are then stored in a plastic bag near the radio. 
The ultimate restoration involves cleaning out the inside 
of the original capacitor, leaving a hollow exterior shell. 
A 21% century capacitor is placed inside and when re- 
installed in the radio, it’s impossible to tell from the 
original. 


from much later times — in the 1950s — so take care. 

Other hazards include old rubber-covered wiring, either 
under the chassis or in the mains cord. Unfortunately, the 
rubber perishes over the years, often leaving bare cop- 
per wire exposed. As a matter of course, old mains cords 
should be replaced. If you want to maintain at least a look 
of authenticity, woven-cloth-covered mains cable (as used 
for electric irons) is areasonable substitute. HRSA members 
use an authentic-looking brown cotton-covered cable. 

There are other electrical safety considerations too, per- 
haps not directly associated with the radio but with the 
home it lives in! 

Some pre-50s homes, for example, have power points 
with Active/Neutral transposition, as they were wired before 
modern electrical rules. 

This means you can turn the mains switch off at the wall 
and the radio will go off. But live (Active) wires still go to 
the radio. Touching this exposed Active and the chassis or 
other earth, will be a shocking experience! 

Using a cheap neon screwdriver, the author found two 
out of four power points in one 1950s schoolroom danger- 
ously reverse-polarity! 

So it’s vital to check your power points. In addition, 
the use of an earth leakage lead or socket (RCD) is highly 
advised. Regardless, the plug should be removed from the 
wall before attempting repairs, just in case. 

Another killer — literally — can be those old-style “mir- 


i. eae 7 
HRSA member and 32V “fanatic” Greg Lamey adjusts a 
32V vibrator in his radio shed at Cuddlee Creek in the 
Adelaide hills. Near the shed is a 32V wind-powered 
generator restored with parts scoured from the Nullabor 
Plain and other remote parts of South Australia. It supplies 
a large bank of ex-telephone exchange batteries with two 
1930 Ruston-Hornsby diesels for backup. 
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It’s not all valves and high voltages : early model transistor 
radios — such as this AWA Radiola Transistor Seven — are 
also lovingly restored by HRSA members 


ror image” double adaptors. These were outlawed at least 
20 years ago but its amazing how many still turn up. They 
seemed like a good idea at the time but by design, one of the 
two outlets has Active and Neutral transposed. 

Of course, live-chassis radios are one of the biggest 
dangers to the inexperienced. The AC/DC radios that oper- 
ated directly from a DC supply in some towns should be 
approached with caution. They don’t have a power trans- 
former, so depending on the polarity of the mains power 
point, the chassis can be live. 

Even with a fully closed set, a knob can still fall off, 
exposing metal. Or even more unexpected, the grub-screw 
holding the knob may be long enough to touch. 

If the mains cord is frayed, don’t shorten it, as it may be 
a resistance wire, to reduce the input voltage. An isolating 
transformer is recommended but even this does not result 
in a 100% safe radio. 


Most HRSA collectors are from an electronics background, 
or receive assistance from members with the necessary ex- 
pertise. At the Society’s regular auctions the HRSA complies 
with electrical safety regulatory requirements, including 
all equipment for sale displaying a safety notice (further 
details in the web references). 

eBay has changed the buying and selling of radios. Some 
collectors find greater access to interesting items. If you are 
tempted to give it a go, ask friends about safety and security 
issues. Be aware of statements like ‘not working — needs a 
valve — should be easy to fix”. Translation — I switched it 
on and smoke came out, so Pll get rid of it. 

Or ‘Valve, New in Box’. This is sometimes described as 
‘NOS’ (New Old Stock). While there are amazing numbers 
of never-used old valves still in existence, it’s quite com- 
mon to find a faulty valve in a nice box. 

The reason? ‘Valve jockeying’, or trying new valves first 
before proper circuit analysis. This often achieved results, 
albeit temporary. Without proper circuit repairs, to repair 
the real fault, many new valves degenerated to the state of 
the replaced one. 

Due to the cost and inconvenience of securing a wide 
range of valves — and the chance valve replacement was 
not the solution — technicians and hobbyists changed each 
valve, placing the old one in the box. Unless the valve was 
in a very poor state, most were kept for valve-jockeying 
tests. If there was some improvement, then a new valve 
was purchased. 


Don’t plug it in and turn it on... 


A final safety tip: never turn on an old radio ‘to see if it 
works”. This is not only dangerous for the operator but can 
destroy a classic radio in an instant, reducing its value and 
restorability to near zero in one unwise move. 

Old parts such as capacitors (they were originally called 
condensers), transformers and resistors may have a short, 
so the radio ‘fries’. Instead of just turning on an old radio 
and standing back, check it over first, physically and elec- 
trically. Power transformers and the like are much harder 
to source than new, reliable, capacitors. 

Many advocate replacement of all the electrolytic and 
other suspect (especially paper) capacitors, as if they are 
not faulty now, they soon will be. Test the chassis for shorts 
and if possible, do a “Megger” test. For the inexperienced, 
ask someone who knows old radios to do this for you. 

For more information on restoring early sets, SILICON 
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The restoration of this white ‘marbleised’ AWA case passes the closest inspection. The severity of the damage — even greater 
than the progress photograph on the left - would normally mean it would be thrown out, but sets like this are quite rare. 
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A beautifully restored “Peter Pan” radio, model BKJ (1946- 
7), manufactured by Eclipse Radio, Melbourne. 


CHIP has a “Vintage Radio” column in every issue, written 
by HRSA member Rodney Champness. 


50s optimism 

After the war, the world surged with new optimism, 
producing inventive, productive and colourful products. A 
major development was plastic, with all its colours and ease 
of production. Two radios came to the forefront — plastic 
mantels and radiograms (record players with radios in a 
beautiful wood console). 

Colour was everywhere in the kitchen and radios followed 
suit, with hardly a brown radio in sight — the only brown 
or other warm tones remaining were in the timber finishes 
of radiograms and TV sets, relegated to the loungeroom. 
Radiograms often have high-performance multi-band re- 
ceivers but few are collected, due to their size. 

TVs often end up at the tip too or sadly are stripped and 
made into fish tanks. That was all the rage a decade or so 
ago! 

By the early 60s, transistor radios surged in popularity. 
Today, their prices are generally lower than the older valve 
models and the designs appeal to younger members, so there 
are collectors addicted to these battery portables. 

Many members of the HRSA mostly specialise in a genre 
or era — for example, military radios. Many have extraordi- 
nary knowledge and information on their speciality. This 
is shared and traded between members, one of the great 
advantages of the HRSA. 

There are also members that offer speciality services, such 
as repairs to components like speakers, wood or bakelite. 
Ray Hosking is the master of bakelite repairs and his work 
is shown here. On completion, his repairs are completely 
invisible (he can make a silk purse from a sow’s ear!). 

Bakelite is a strong material but eventually becomes 
more fragile. So the common practice of picking up sets by 
holding their bakelite top is not advisable — always carry 
radios held from the base. 

SILICON CHIP is a keen supporter of the HRSA's goals and 
this is highly appreciated by all members, especially as 
many read SILICON CHIP. In fact one of the winners of the 
inaugural SILICON CHIP Excellence in Education Technology 
award, Lauren Capel, restored a radio and built a power 
supply, plus MP3 player and mini AM transmitter, drawing 
on information and advice from HRSA members. 
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The Society's activities include auctions, a quarterly 
magazine with information, circuits and trading pages, 
meetings around Australia, technical and historic talks, 
restoration workshops, construction projects, technical 
library, circuit service, participation in shows and events 
and a valve/component bank, all for just $27 a year. 


HRSAS's big show! 


To mark the 25th anniversary of the HRSA, the organi- 
sation is staging a huge national event in Melbourne next 
month (April). Located in the vast Holmesglen Conference 
Centre, cnr Batesford & Warrigal Rds, Chadstone, there will 
be displays and activities for members and the public. 

Highlights will include a radio display, stunning in 
quality and quantity, an old radio store, a battery store, 
continuous radio shows from a large room full of con- 
soles, working portables on parade, posters, images of 
Australian radios and production, giant auction, swap- 
meet, guest speakers, radio films, valuations and much 
more. i 

Some activities are limited to members only. Members 
have free entry both days, so membership is encouraged. 
The members’ only day is Saturday April 14, from 9 am 
and Sunday April 15th from 9 am. On the Sunday, public 
admission commences at 1 pm. Details can seen at the 
special event web site, www.ozradios.com 

The event will appeal to any people interested in elec- 
tronics or vintage radio. Hope to meet you there — you'll 
certainly find many people, past and present, from the 
Australian electronics industry to chat to. SC 


The HRSA magazine Radio Waves, is published quarterly, 
edited by HRSA life-member, Bill Smith. Features include 
radio collections, events, radio restorations, auctions, sale 
of new or used parts and historic radio stories. 
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OT TOO MANY decades ago, the 

only way most people could gen- 
erate reasonably accurate frequency 
signals was by using a quartz crystal 
oscillator. Following this, it became 
possible to achieve slightly better ac- 
curacy by heterodyning a local quartz 
oscillator with an HF radio signal from 
one of the standard frequency and time 
stations, such as WWV in the USA or 
VNG in Australia. 

By about 1980, even higher accu- 
racy could be obtained by locking a 
local quartz crystal oscillator with the 
horizontal sync signals from one of the 
national TV networks. That’s because 
the networks used a master timing 
clock that was locked to an “atomic 
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_ generators? Here's just what you need: a frequency reference __ 
- which is linked to the Global Positioning System (GPS) A 
_ Satellites, to take advantage of their highly accurate on-board = 
caesium-beam “atomic clocks”. | 


clock” based on either a caesium beam 
or rubidium vapour oscillator. 


The GPS system 


The Global Positioning System 
(GPS) became operational around 
1990 and is run by the US Department 
of Defense. By using this system as 
a reference, it's possible to generate 
reference frequencies with extremely 
high accuracy — even better than using 
the previously listed methods. 

That's because each of the 22-odd 
GPS satellites orbiting the Earth has 
two caesium beam atomic clocks on 
board. These are necessary to generate 
the very accurate frequency and time 
signals needed for accurate position- 


ing. And since there are always at 
least four GPS satellites “in view” at 
any time from any point on the Earth, 
this means that there's always access to 
n “ensemble” of about eight caesium 
beam clocks to serve as a frequency 
reference — provided you have the right 
GPS receiving equipment, that is. 
The only problem was that until 
a couple of years ago, GPS recelvers 
were quite expensive. However, costs 
have fallen quite dramatically since 
then — so much so that handheld and 
mobile GPS navigators are now every- 
day consumer items. In fact, low-end 
navigators with colour LCD screens are 
now down to around $400. Small won- 
der they're becoming so popular! 
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The unit is housed in a plastic case and provides accurate 10MHz and 1MHz 
reference frequencies via front-panel BNC sockets. A range of data can also 
be displayed on the LCD, including UTC time and date and the receiving 
antenna’s latitude, longitude and height above mean sea level (see panel). 
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As you might expect, inside each 
of these navigators is a complete GPS 
receiver module, However you don’t 
have to buy a navigator to get the re- 
ceiver module, because they are also 
available separately for use in other 
equipment. And that’s just what we’ve 
done here — use one of these “bare 
bones” receiver modules as the heart 
of this project. 


Garmin GPS 15L 


The GPS module we chose to use is 
a Garmin GPS 15L, which is available 
from local distributors for about $130. 
It’s quite a tiny device, measuring Just 
46 x 36 x 8.5mm and weighing in at 
only 14.1g. But don’t let the size fool 


siliconchip.com.au 


you because there’s a lot packed into it. 
Inside, there’s a complete 12-channel 
GPS receiver which can track and use 
up to 12 GPS satellites at once. And 
it can provide a swag of GPS-derived 
time, date, position and satellite status 
information in serial RS-232C text 
form — updated each second, no less. 

It also provides a one-pulse-per-sec- 
ond (1PPS) output, where the leading 
edges ofthe pulses are very accurately 
locked to the UTC-derived GPS tim- 
ing system. It's these pulses that we 
mainly use in the reference, to control 
the frequency ofa local 10MHz crystal 
oscillator. 

For best performance, you do need 
to feed the Garmin GPS 15L receiver 


with good-quality signals, though. 
This means mounting a small active 
GPS antenna in a clear area outside, 
as high as possible so that it can get 
an unobstructed “view” of the sky in 
order to receive the satellite signals. 

The antenna is connected to the 
antenna input of the receiver using 
a suitable length of good quality 
50Q coaxial cable. This delivers the 
amplified 1.575GHz GPS signals to 
the receiver and also feeds the active 
antenna with DC power (provided by 
the receiver). 

In our case, we chose a Garmin 
GA 29F flush-mount active antenna, 
which costs about $90. This was 
mounted on a plastic junction box and 
fitted to the top of the author’s TV an- 
tenna mast (see photo). We also tested 
a D-3856 antenna made by Australian 
firm RF Industries, which also worked 
well. This unit is available from Dick 
Smith Electronics and Tandy outlets 

for just $69. 

Taken together, the GPS receiver 
module and an active antenna will 
set you back about $200. The rest of 

the parts will probably be around 
the $150 mark, so you should be 
able to build the whole shebang 
for about $350. This is just a frac- 
tion of the price you'll pay for 

a commercially available GPS- 

based frequency reference. 


How it works 


To get a handle on how it all 
works, refer now to the block 
dia-gram of Fig.1. Basically, the 
frequency of the 10MHz crystal oscil- 
lator (top, right of Fig.1) is controlled 
using a phase-locked loop (PLL). This 
PLL, in turn, uses the very accurate 
1Hz pulses from the GPS receiver 
module as its reference. However, the 
PLL configuration is a bit more com- 
plicated than normal, so let's look at 
this in greater detail. 

Basically, the reason for the added 
complexity is that it isn't easy to con- 
trol a 10MHz crystal oscillator using a 
reference frequency as low as 1Hz—at 
least not using a standard PLL. That's 
because with a standard PLL configu- 
ration, the oscillator frequency must 
be divided by 10,000,000 (to get 1Hz), 
to be compared with the reference 
frequency in the phase comparator. 
However, such a high division factor 
involves a relatively long time delay 
and this adversely affects the error 
correction feedback, making it very 
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A small active GPS antenna is 
necessary to receive the GPS signals. 
The author used a Garmin GA 29F 
antenna. This was mounted on a 
plastic junction box and fitted to the 
top of an existing TV antenna mast. 


difficult to stabilise the PLL. 

To get around this problem, we di- 
vide the 10MHz oscillator output by a 
much smaller factor — only 200 times 
in fact. Thisis done in separate divide- 
by-10 and divide-by-20 stages using 
synchronous divider ICs, so that we 
end up with 50kHz pulses which have 
the timing of their leading edges (L-H 
transitions) very closely synchronised 
with the leading edges of every 200th 
pulse from the 10MHz oscillator. 

This means we have effectively 
transferred the phase of the 10MHz 
oscillator signal (averaged over 20us) 
to the 50kHz signal at the output of 
the divide-by-20 divider. And it’s the 
phase of this signal which we feed into 
the second input of the phase compa- 
rator, where it’s compared with the 
leading edges of the 1Hz pulses from 
the GPS receiver module. 

The phase comparator does exactly 
what its name implies — it compares 
the leading edge of each 1Hz GPS pulse 
with the 50kHz pulse nearest to it and 
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generates a “phase error” pulse, the 
width of which is directly equivalent 
to the timing difference. One of these 
phase error pulses is produced at the 
start of each 1Hz GPS pulse and they 
can vary in width from zero (when the 
two signals are exactly in step) up to 
a theoretical maximum of 20us (when 
the two signals are one period of 50kHz 
out of step). 

In practice, we use the PLL’s feed- 
back loop to maintain a fixed phase 
error of about 10ps (ie, halfway in the 
range). This gives the PLL the wid- 
est possible control range, to ensure 
reliable locking of the 10MHz crystal 
oscillator. 


Deriving the feedback voltage 


OK, so how do we use the varying 
phase error pulses from the compa- 
rator to produce an error correction 
feedback voltage for the 10MHz 
oscillator? Well, what we do is use 
the error pulses to control an AND 
gate which then passes pulses from 
a second crystal oscillator (running 
at about 10MHz) to an 8-bit binary 
counter. So as the error pulse width 
varies, it allows a varying number of 
these “about-10MHz” pulses to reach 
the counter. 

For example, if the phase error 
pulses are 8.0us wide, 80 pulses will 
be gated through to the counter. And 
ifthe pulses are 111s wide, 110 pulses 
will be fed through, and so on. So at the 
start of each 1Hz GPS pulse, a burst of 
“about-10MHz” pulses will be fed to 
the counter, the number of pulses in 
the burst being directly proportional 
to the phase error. 

The counter is actually reset at the 
end of each 1Hz GPS pulse, so it counts 
up from zero each time. At the output 
of the counter we also have an 8-bit 
latch and a simple digital-to-analog 
converter (DAC) using a resistor ladder 
network. After the end of each phase 
error pulse, the latest error-proportion- 
al pulse count is transferred into the 
latch, replacing the previous count. 

As a result, the output of the DAC is 
a DC voltage which varies in level each 
second, according to the phase error. 
So the phase error has been converted 
into a varying DC error voltage. 

Get the idea? When there’s a fixed 
phase error of say 101s, the counter 
will have a count of 100 each time 
and the DAC will have an output 
voltage of almost exactly 1.953V. 
This voltage will vary up or down in 


steps of 19.53mV, as the phase error 
pulses vary in width and the number 
of “about-10MHz” pulses fed to the 
counter varies up or down. Each of 
the “about-10MHz” pulses fed to the 
counter corresponds to a phase error 
step of close to 100ns, so our phase 
error-to-DC error voltage conver- 
sion circuit has a conversion gain of 
19.53mV/100ns or just under 2mV for 
every 10ns change in phase error. 


Why two 10MHz oscillators? 


By now, you are probably wonder- 
ing why we go to the trouble of using 
a second 10MHz crystal oscillator 
to provide the 100ns pulses for the 
phase error counter. Why not just use 
the output of the main temperature- 
controlled 10MHz oscillator, at upper 
right? 

We use a second 10MHz oscillator 
because this inevitably drifts in phase 
compared with the main oscillator 
and this introduces a small amount of 
“dither” into the phase error counting 
operation. The random noise intro- 
duced into the DAC’s output voltage 
as a result of this dither allows the 
PLL's error correction to have a sig- 
nificantly higher resolution than if 
we used pulses from the main 1OMHz 
oscillator. 

The reason for this is quite straight- 
forward. If we had used the pulses 
from the main oscillator, the fact that 
they would be locked to the 50kHz 
pulses (and hence the phase error 
pulses as well) would mean that the DC 
error voltage could only ever change 
in 19.53mV increments. This corre- 
sponds to 100ns changes in phase er- 
ror. However, the dither introduced by 
using the second oscillator means that 
the average error voltage will change 
in somewhat smaller increments. 
And that means that we can maintain 
the main oscillator’s phase locking to 
much closer than 100ns. 

As shown in Fig.1, the DC phase er- 
ror voltage from the DAC is fed through 
a buffer to a low-pass filter stage based 
on capacitor C1 and resistors R1 & R2. 
The filtered error correction voltage is 
then used to control the capacitance 
of a varicap diode, to fine-control 
the frequency and phase of the main 
10MHz oscillator. 

This unusual type of PLL system 
is very effective when it comes to 
phase-locking a 10MHz oscillator to 
the GPS 1Hz pulses but it does have 
a limitation. Because it divides down 
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Fig.1: the GPS-Based Frequency Reference uses a phase-locked loop (PLL) to control the frequency of a 10MHz 
crystal oscillator (top, right). This PLL in turn is referenced to the very accurate 1Hz pulses from the GPS receiver 
module. A PIC microcontroller decodes the GPS data, interprets the switches and drives the display module. 


the oscillator frequency by only 200 
times instead of 10,000,000, it's just 
as effective at phase-locking an oscil- 
lator at a frequency of 9.999800MHz 
or 9.999600MHz, or 10,000200MHz or 
10.000400MHz. 

In other words, it’s capable at 
phase-locking at frequencies that are 
separated from 10.000000MHz by 
exactly 200Hz or multiples of that 
frequency difference. This means that 
when you are setting up the frequency 
reference, it's very important to adjust 
the free-running frequency ofthe main 
crystal oscillator to within 100Hz 
of 10.000000MHz. If you don't, the 
PLL may lock it to 9.999800MHz or 
10.000200MHz instead of the correct 
frequency! 


Making use of the data 


OK, that’s how the main part of the 
GPS Frequency Reference works. The 
only part we haven’t discussed yet 
is the section down in the lower left 
of the block diagram. This section is 
functionally quite separate from the 
main section. Its purpose is to make 
use of the stream of useful data that 
emerges from the GPS receiver module 
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each second, along with (but separate 
from) those accurate 1Hz pulses. 

This data is delivered as ASCU text 
and appears at the module’s RS-232C 
serial output port. It’s in the form of 
coded data “sentences”, sent at a rate 
of 4800bps (bits per second) using a 
sentence format known as NMEA1083. 
This format was first standardised by 
the US National Marine Electronics 
Association (NMEA) for information 
exchange between marine navigation 
equipment. 

As shown in Fig.1, we use a pro- 
grammed PIC16F628A microcontrol- 
ler to “catch” and analyse this serial 
data. The decoded data is then feed 
it to an LCD module. Pushbutton 
switches S1-S3 are included to allow 
you to display some of the more eso- 
teric information for a short time, as 
required. Normally, the display simply 
shows the current UTC time and date 
(updated each second), plus the GPS 
fix and PLL locking status. 

The fourth switch (S4) forces the 
PIC micro to send an initialisation 
code command to the GPS recelver 
module, to initialise it correctly if it 
ever becomes “confused” {the GPS 


receiver also contains a microcontrol- 
ler, of course). In fact, the receiver 
module has an RS-232C serial input 
as well as the output, provided for 
this very purpose. However, because 
this initialisation is rarely required, 
S4 is not readily accessible like 51-83. 
Instead, it must be accessed through 
a small hole in the front panel of the 
project, using a small screwdriver or 
probe tip. 


Circuit details 


Now that you have a basic under- 
standing ofthe way the GPS-Based Fre- 
quency Reference works, we should be 
able to work quickly through the main 
circuit, to clarify the fine details. Fig.2 
shows the main circuit while Fig.3 
shows the associated display circuit 
with its LCD module. The two connect 
via a 16-way header cable. 

In operation, the Garmin GPS 15L 
receiver module (lower left of Fig.2) is 
fed via an external active antenna. The 
resulting GPS-locked 1Hz pulses are 
on the grey wire of its 8-way output 
cable and this goes to pin 5 of a 10- 
way IDC line socket that mates with 
CON7. The 1Hz pulses are then fed 
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through Schmitt inverters IC11a and 
IC11b which act as buffer stages. The 
resulting 5V p-p pulses from IC11b 
are then fed directly to pin 14 of IC7, 
which is the phase comparator. 

The 10MHz crystal oscillator that’s 
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phase locked to the GPS pulses is 
based on inverter IC3f and crystal 
X1, plus varicap diode VC1 and sev- 
eral low-value capacitors. Its 10MHz 
output is fed via inverting buffer stage 
IC3b to CON1 and also via IC3c to di- 
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vider stage IC4. This stage divides the 
signal by 10 and provides two 1MHz 
outputs, at pins 12 & 15. The pin 12 
output is then fed via inverter IG3d to 
CON2, to provide the 1MHz output 
signal at BNC connector CON2. 
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By contrast, the pulse output from 
pin 15 is fed via IC3e to a second 
divide-by-10 stage based on IC5. IC3e 
is necessary to invert the signal at the 
input of IC5, because the 74HC160 
triggers on the resulting rising signal 
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edges and it’s these edges that are 
synchronised with the 10MHz oscil- 
lator signal. 

The resulting 100kHz pulse output 
from pin 15 of IC5 is fed to the clock 
inputs of JK flipflops IC6a and IC6b. 
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Fig.2 (above): the complete ¿beca for 
the GPS-Based Frequency Reference 
minus the display circuitry (LCD & 
LED indicators). The PLL-controlled 
10MHz oscillator is built into a small 
temperature-controlled oven to ensure 
stability, with power transistor Q1 
acting as the oven heater. 
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Fig.3: the display circuit interfaces to the PIC microcontroller (IC1) in 
the main circuit via IDC connector CONE. It includes the LCD module; 
three LED indicators (LED1-LED3), switching transistors Q2-Q4 and four 


pushbutton switches (S1-S4). 


These are both are wired for toggle 
(divide-by-2) operation. The 50kHz 
pulses from the Q output (pin 12) of 
IC6a are then fed to the second input 
(pin 3) of phase comparator IC7, for 
comparison with the 1Hz GPS pulses. 
Note that these 50kHz pulses have 
their rising edges closely aligned with 
the rising edge of every 200th pulse 
from the 10MHz oscillator. 

The phase error pulses emerge from 
pin 15 of IC7 and are fed directly to the 
clock gating inputs of 4-bit synchro- 
nous counters IC8 and IC9 (74HC161), 
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which together form the 8-bit phase 
error pulse width counter. This is done 
because the AND gate shown in Fig.1 is 
actually inside the two counter chips, 
rather than being a separate device. 
The “about-10MHz” clock oscillator 
used by the error counter is based on 
crystal X2 and inverter stage 1C14c. 
Its output is buffered by 1C14a & 1C14f 
and fed to the clock inputs (pin 2) of 
the two counters. The eight output 
bits from the two counters are then 
fed to the data inputs of IC12, the octal 
latch. Its outputs are used to drive the 


resistive-ladder DAC (digital-to-analog 
converter). 

In practice, this counter-latch-DAC 
sub-circuit is arranged so that it per- 
forms a new count of the phase error 
pulse width at the start of every 1Hz 
pulse from the GPS receiver module. 
The sequence is as follows: on the 
falling edge of each 1Hz pulse (100ms 
after the start), the counters are reset 
by a very short pulse on their MR-bar 
pins (pin 1). These short reset pulses 
are derived from the 1Hz pulses at the 
output of IC11a. The 1Hz pulses are 
differentiated using a 100pF capacitor 
and 1kQ resistor and fed to the MR-bar 
pins of IC8 and IC9 via IG11c. 

The two counters begin counting 
when the phase error pulse from IC7 
arrives at their CEP pins (7). This al- 
lows them to count the “about-10MHz” 
pulses which are fed to their CP (pin 
2) inputs via buffer stages IC14a and 
IC14f. Counting continues until the 
end of the phase error pulse and then 
stops. Another very short pulse, this 
time derived from the falling edge of 
the phase error pulse signal and ap- 
plied via IC11e to pin 11 of IC12, then 
transfers the count into IC12’s latches, 
replacing the previous count. 

As a result, the DC output voltage 
from the DAC changes in response to 
the new count. The counters are then 
reset again at the end of the 1Hz GPS 
pulse, ready for the next sequence. 

The varying DC error voltage from 
the DAC is fed first through buffer 
stage IC13a and then to a low-pass 
loop filter which is formed using a 1kQ 
resistor (R1 in Fig.1), a 10uF capaci- 
tor (C1) and three 1MQ resistors (R2). 
From there, the filtered error voltage 
is then fed through IC13b to become 
the automatic phase correction (APC) 
voltage. This APC voltage is applied 
to varicap diode VC1 which varies its 
capacitance accordingly. 

As previously stated, VG1 forms part 
of the 10MHz crystal oscillator circuit 
and its capacitance variations bring 
the oscillator into phase lock. Trimmer 
capacitor VC2 and its parallel 4.7pF 
capacitor are used to initially adjust 
the oscillator so that its free-running 
frequency is within 100Hz of 10MHz 
— ensuring that the PLL locks correctly 
to this frequency. 


Temperature stabilisation 


OK, so that’s the basic PLL section 
of the GPS-Based Frequency Reference 
circuit, By now, though, you’re prob- 
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Fig.4: here are the two outputs provided by the Garmin 
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Fig.5: shown here are the leading edge of the GPS 


GPS 15L receiver module. The upper trace (yellow) 
shows one of the extremely accurate 1Hz pulses, while 


the lower (purple) trace shows the start of the RS-232C 


data stream giving UTC time and date, latitude and 
longitude, etc. Note that the frequency reading on the 


bottom line should read exactly 1.000000Hz; the actual 


reading shows the scope’s measurement error. 


1Hz pulses from the receiver module (upper yellow 
trace), and the inverted error pulse from the Frequency 
Reference’s phase detector (lower purple trace), when 
the PLL is locked with a fixed phase error of 11.54us. 
The jitter visible on the trailing edge of the error pulse 
is normal and is caused by noise, GPS propagation 
variations and so on (see text). 


ably wondering about the function of 
comparator IC2, transistor Q1 and the 
LM335Z temperature sensor (IC10). 
What are they for? 

These parts are used to achieve 
temperature stabilisation of the main 
10MHz oscillator crystal (X1), varicap 
diode VC1 and its series 15pF capaci- 
tor. In practice, these components are 
housed in a “mini oven” to keep 
the temperature constant. This oven 
includes a small TO-220 heatsink 
to which is attached the crystal, the 
LM335Z temperature sensor and a 
power transistor (Q1). It’s basically 
an insulated enclosure made from a 
cut-down 35mm film canister which 
is lined inside using expanded poly- 
styrene. 

The construction of this mini oven 
will be described next month. All 
you need to know for now is that 
IC10 (LM335Z) is mounted inside 
the enclosure to sense the internal 
temperature. 

Basically, the voltage across [C10 
is directly proportional to its tem- 
perature (in Kelvins) and this voltage 
is applied to the non-inverting input 
of comparator IC2. IC2’s inverting 
input is fed with a reference voltage 
of close to 3.15V, derived from a volt- 
age divider (2kQ & 3.3kQ) across the 
regulated 5V supply rail. As a result, 
1C2's pin 7 output switches high when 
the temperature sensor’s voltage rises 
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slightly above 3.15V and switches 
low when the sensor’s voltage falls 
somewhat below this level (depend- 
ing on the hysteresis applied to the 
comparator). 

IG2 is used to control power trans- 
istor Q1, which is used here purely as a 


heater, This transistor is attached to the 
finned heatsink which forms the frame 
of the mini oven, so when it conducts 
it generates heat to increase the tem- 
perature. As a result of the feedback 
provided by IC10, the temperature 
inside the mini oven is maintained 


(1) This unit is a low-cost frequency and time reference based on a Garmin 
GPS 15L receiver module. It is able to control the frequency of a local 
10MHz crystal oscillator by reference to the very accurate 1pps (1Hz) 
pulses broadcast by GPS satellites (referenced back to UTC as maintained 
by the USNO). This allows the frequency of the local 10MHz oscillator to 
be controlled to within about 0.2Hz averaged over a 30-second period and 
even more tightly when averaged over a longer period such as 30 minutes. 


(2) The built-in 10MHz reference crystal is housed in a small temperature 
stabilised enclosure or “mini oven”. Buffered 10MHz and 1MHz outputs are 
provided for external use. Buffered outputs are also provided for the 1Hz 
GPS pulses and the phase error signals from the internal phase-locked 
loop (PLL) used to control the 10MHz oscillator. The error signals allow 
the user to log instantaneous phase error in the PLL, if this is desired for 
traceability. 


(3) The unit provides a continuously updated display on an LCD module, 
showing UTC time and date, GPS fix and PLL lock status information. 

It also allows optional short-term display of receiving antenna latitude, 
longitude and height above mean sea level, plus the number of satellites in 
current view and their reception quality. 


(5) The complete reference operates from 12V DC, which can be from a 
battery or a mains power supply. Average current drain is approximately 
340mA, while peak current drain is about 420mA. 
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The GPS satellite network is 
controlled and operated by the US 
Department of Defense (US DOD). 
Currently there are between 22 and 
24 GPS satellites orbiting the Earth 
at a height of 20,200km, in six fixed 
planes angled at 55° to the equator. 

Each satellite orbits the Earth 
in 11 hours 58 minutes — ie, about 
twice each day. This means that at 
least four satellites are within “view” 
of a given GPS receiver at almost 
any time, wherever it is located 
(providing it has a clear sky view). 

The GPS satellites broadcast 
pseudo-random spread spectrum 


AvFewlFactsyAbout 


digital code signals on two UHF 
frequencies: 1575.42MHz (known 
as “L1”) and 1227.6MHz (“L2”). 
There are two different code sig- 


nals broadcast: the “coarse acquisi- 


tion” or C/A code, broadcast on L1 
only, and the “precision” or P code 
broadcast on both L1 and L2. Most 


commercial GPS navigation receiv- 


ers process only the L1 signal. 


Each GPS satellite carries either 


caesium-beam or rubidium vapour 
“atomic clock” oscillators, or a 
combination of both. These are 
“steered” from US DOD ground 


stations and are referenced back to 


How Accurate Is It? 


What kind of frequency accuracy 
can you get from this DIY GPS ref- 
erence? Well, the 10MHz output is 
accurate to within 0.2Hz, averaged 
over a 30-second period. It’s even 
more accurate when averaged over 
a longer period, such as 30 minutes 
or an hour. 

The accuracy of the 1MHz output 


is the same in relative terms, since 
it's derived from the 10MHz output 
by frequency division. So it’s quite 
reasonable to describe the nominal 
frequency accuracy as within two 
parts in 10% — considerably better 
than a free running crystal oscillator, 
and good enough for most frequency 
calibration purposes. 
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The rear panel carries BNC sockets for the antenna and for the GPS 1Hz 
and phase error pulse outputs, plus an RCA socket for the phase error 
voltage. It also provides access to the DC power socket. 
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GPS; 


Coordinated Universal Time (UTC), 
as maintained by the US Naval 
Observatory (USNO) — itself kept 
within 100ns of UTC as maintained 
by the US NIST. This ensures they 
provide an accurate reference for 
both the carrier frequencies and the 
code signals from each satellite. 
Although the GPS network 
was designed mainly for accurate 
terrestrial navigation, the high 
frequency and time accuracy of 
the signals from the satellites has 
made them very useful as a refer- 
ence source for frequency and time 
calibration. 


at very close to 42°C (315K) — within 
about +1°, in fact. The exact tempera- 
ture can be adjusted over a small range 
using trimpot VR1. 


RS-232C data 

The RS-232C data from the GPS 
receiver module emerges on the yel- 
low lead and is connected (via the IDC 
line socket) to pin 2 of CON7. From 
there, it's fed through inverting buffer 
1C14e to the RB1 input (pin 7) of PIC 
microcontroller IC1, which is used to 
process the serial data. 

Similarly, the RS-232C serial input 
for the GPS receiver module is its blue 
lead and this goes to pin 1 of CON7. As 
aresult, initialisation commands from 
the micro’s serial output (RB2, pin 8) 
are fed to the module via inverting 
buffer IC14d. 

The phase error pulse from IC7 is 
also fed to the RB3 input (pin 9) of IC1, 
so that the micro is able to monitor 
whether or not the PLL is maintain- 
ing lock. 


Display circuit 

The display circuit (Fig.3) interfaces 
to the main circuit via connector CON9 
and includes the 2-line x 16-character 
LCD module — which is directly driven 
by microcontroller IC1 — plus its con- 
trast control VR2. 

In addition, there are the four con- 
trol switches (S1-S4) plus three status 
indicator LEDs (LED1-LED3), in turn 
driven by transistor switches Q2-Q4. 
Note that Q2 & Q3 (and thus LED1 € 
LED2) are controlled by the micro itself 
(via RA1 & RA2), whereas Q4 (LED3) is 
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EPS Frequency Reference: Parts List 


1 ABS instrument case, 158 x 155 
x 65mm 

1 Garmin GPS 15L GPS receiver 
module 

1 external active GPS antenna to 
suit — see text 

1 PC board, code 04103071, 142 
x 123mm 

1 PC board, code 04103072, 144 
x 58mm 

1 16x2 LCD display module, 
Jaycar QP-5516 or QP-5515 

2 TO-220 heatsink, PC-mount 
(Jaycar HH-8516) 

3 SPST PC-mount snap-action 
pushbutton switches (black) 

1 SPST PC-mount mini 
pushbutton switch 

2 10MHz quartz crystals, HC-49U 
package 

4 PC-mount BNC sockets (CON1- 
CON4) 

1 PC-mount 2.5mm concentric 
DC socket (CONS) 

2 16-pin IDC line sockets 

2 PC-mount 16-pin IDC header 
plugs (CON6, CON9) 

1 10-pin IDC line socket 

1 PC-mount 10-pin IDC header 
plug (CON7) 

1 PC-mount RCA socket (CON8) 

1 Panel-mount BNC-BNC male- 
male adapter 

2 8-pin IC sockets, machined clip 
type 

4 14-pin IC sockets, machined clip 
type 

5 16-pin IC sockets, machined clip 
type 

1 18-pin IC socket, machined clip 


type 


driven by the 1Hz pulses from the GPS 
module via 1C11b. The microcontroller 
also scans the switches. As stated, S1- 
S3 are pressed to display specialised 
data on the LCD, while S4 initialises 
the GPS receiver module. 


Power supply 

Power for the circuit is derived 
from an external 12V DC supply (eg, 
a plugpack rated at 500mA or more). 
This is applied via power connector 
CON5 and diode D1 which provides 
reverse polarity protection. 

Diodes D5-D7 provide a supplemen- 
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1 20-pin IC socket, machined clip 
type 

3 M3 x 15mm tapped spacers 

2 M3 x 6mm machine screws, 
round head 

7 M3 machine nuts 

3 M2 x 25mm machine screws, 
round head 

4 M2 x 12mm machine screws, 
round head 

7 M2 machine nuts 

7 M2 flat washers and star 
lockwashers . 

1 7x2 length of DIL pin header 
strip 

7 1mm PC board terminal pins 

1 35mm film canister, 34mm dia. 
x 34mm long 

2 cable ties 

1 5kQ horizontal mini trimpot 
(VR1) 

1 10kQ horizontal mini trimpot 
(VR2) 


Semiconductors 

1 PIC16F628A microcontroller 
programmed with 
GPSFrqRF.hex (IC1) 

1 LM311 comparator (102) 

2 74HC04 hex inverters (1C3,1C14) 

2 74HC160 synchronous decade 
counters (1C4,1C5) 

1 74HC73 dual flipflop (106) 

1 74HC4046 phase comparator 
(107) 

2 74HC161 synchronous 4-bit 
counters (108,109) 

1 LM335Z temperature sensor 
(1010) 

1 74HC14 hex Schmitt trigger 
(1011) 


tary voltage drop to reduce the power 
dissipation in 3-terminal regulator 
REG1, which delivers a regulated +5V 
rail to power most of the circuitry. The 
only sections driven directly from the 
unregulated +11.4V input are compa- 
rator IC2 and heater transistor Q1 in 
the mini oven. 


Other signals 

That’s about it for the circuit de- 
scription, except to note that various 
useful signals (in addition to the main 
10MHz and 1MHz outputs) are brought 
out of the frequency reference to allow 


1 74HC374 octal D-type flipflop 
(1012) 

1 LM358 dual op amp (1C13) 

1 7805 +5V regulator (REG1) 

1 BD136 PNP power transistor 
(Q1) 

3 PN100 NPN transistors (Q2-Q4) 

1 5mm green LED (LED1) 

1 5mm red LED (LED2) 

1 5mm orange/yellow LED (LED3) 

4 1N4004 diodes (D1,D5-D7) 

3 1N4148 signal diodes (D2-D4) 

1 BB119 varicap diode (VC1) 


Capacitors 

1 1000uF 16V RB electrolytic 

4 10uF 16V RB electrolytic 

1 10uF 25V tantalum 

1 4.7uF 25V tantalum 

11 100nF multilayer monolithic 
ceramic 

1 2.2nF MKT metallised polyester 

1 1nF MKT metallised polyester 

2 100pF NPO ceramic 

2 33pF NPO ceramic 

1 22pF NPO ceramic 

1 15pF NPO ceramic 

1 4.7pF NPO ceramic 

1 3-10pF N470 trimcap (white) 


Resistors (0.25W, 1%) 


5 1MQ 1 2.2kQ 
1 68kQ 1 2kQ 

1 47k0 3 1kQ 
2 33kQ2 1 6802 
1 22kQ 3 3302 
9 20k2 2 18022 
10 10k 4 10022 
1 6.8kQ 1 68Q 
1 4.7k0 1 330 
2 3.38kQ 


its operation to be monitored. 

First, the very accurate 1Hz GPS 
pulses are brought out via IC11d and 
CONS. Second, an inverted version 
of the phase error pulse from IC7 
is brought out via IC11f and CON4. 
And finally, the unfiltered DC error 
voltage from IC13a is brought out via 
CONS. Either of the last two signals 
can be used for logging the reference's 
operation. 

That’s all we have space for this 
month. Next month, we’ll show you 
how to build it and describe the setting 
up and adjustment procedures. SC 
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Here’s one of those really handy little projects that will cost very 
little but make life a whole lot easier when you want to measure 
voltage and current at the same time. 


veryone would have a digital 
E multimeter these days. Even the 
quite cheap ones have a huge 
range of measurements. All do the 
usual voltage, current and resistance 


but many throw in continuity (often 
with a buzzer), capacitance, 
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transistor and diode checking, induct- 
ance, battery checking and so on. 
And when we say cheap, we mean 
it. You regularly see DMMs for less 
than ten dollars; indeed one retailer, 
Altronics (who happen to 
have a catalog in this 
issue) has even given 
DMMs away to cus- 
tomers when open- 
ing a new store! 
So why would 
anyone want to 
build a project 
such as this 


which simply measures one range of 
voltage and one range of current? 

And just as importantly, probably 
costs as much (if not more than) 
one of those many-function multi- 
meters? 

The idea for this project arose when 
we were “playing around” with bat- 
teries and chargers (SILICON CHIP, 
December 2006 and January 2007). 
Two of the things you must know, 
and know instantly, when designing 
chargers and charging batteries are, of 
course, current and voltage. 

Even with several multimeters 
available (and used) I was always 
swapping leads around, trying to work 
out which leads belonged to which 
meter (Murphy’s law variation 1.3.3: 
multiple test leads, especially of the 
same colour, will automatically tangle 
and lead to errors). 

It occurred to me that what was 
really required was a simple meter 
capable of reading volts and amps at 

the same time. 
Ofcourse, those two are mutually 
exclusive. Voltage is measured in 
parallel with a circuit, current is 


€ $ » 1 
k measured in series (see the panel 


~ “Meter Shunts and Multipli- 
ers”), 
But what if we had one de- 
vice capable of doing both? 

This is it: SILICON CHIP’s 

simple answer to an oft-occur- 
ing problem. 

And when we say 
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simple, we mean it: two digital panel 
meters in one small case, one set up to 
measure 20V DC and the other set up 
to read 20A DC. And if those ranges 
don’t suit your application, they can 
be easily changed. 

However it seemed to us that charg- 
ing a variety of batteries up to 12V, a 
20V maximum was about right. 20A 
might seem a bil excessive but if you're 
charging car batteries, you could need 
that sort of reading. Again, if you want 
to change it, you can! 

The digital panel meters automati- 
cally scale down to show milliamps 
anyway, if that’s what you need. 


Which way to go? 

As I just mentioned, it’s based on a 
couple of panel meters. I toyed with 
the idea of using analog meters for a 
millisecond or two but digital meters 
are much better for reading relatively 
constant voltages and currents — one 
glance and you’ve got it. Analog me- 
ters come into their own when looking 
for changes in values — you can get a 
pretty good idea of the way a circuit 
is behaving by looking at the speed 
of change. 

Of course, a ’scope is usually even 
better for that purpose, so if I wanted 
to I could hook up old trusty and look 
at pretty pictures. But that’s further 
complicating the issue. 

OK, so we were going to go with 
panel meters. As luck would have it, 
just at that time I was looking at an Oat- 
ley Electronics advert and out popped 
some quite cheap digital panel meters 
(Cat DPM1) — at just $9.00. And even 
better, out of the box, they are wired 
for 20V DC full scale. 

So I picked up two of them along 
with a Jaycar sloping handheld enclo- 
sure (Cat HB6090) which looked just 
about the right size. 
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About this time that my attention 
was drawn to another Oatley Elec- 
tronics project designed to work with 
these specific digital panel meters. It’s 
an add-on isolation board with either 
shunt or divider for different voltages 
and current. It also has a built-in DC- 
DC isolated power supply to power the 
digital panel meter at a very economi- 
cal 3-5mA. 


VOLTAGE 
MEASUREMENT 
(20V) 


— SHUNT 
(0.01252) 


CURRENT 
MEASUREMENT 
(20A) 
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SE SIMPLE AMMETER & VOLTMETER 


Like most digital panel meters and 
digital multimeters, these meters do 
not have a common ground between 
the input and the battery. 

As a result they cannot even meas- 
ure the voltage of the battery that is 
powering them. If it is desirable to 
have a common ground between the 
input and the battery it is necessary 
to derive a “floating” power supply to 


EPA 


IF TRANSFORMER 
(BASE UP) 


Fig.1: It could have been as simple as two digital panel meters (DPMs) and a 
9V battery but the isolating power supply and shunt board only adds a few 
dollars to the price. It consists mainly of the oscillator based on Q1 and IF 
transformer IFT1, which is coupled to IFT2 and the voltage-doubler rectifier 
which follows. The 13V zener diode protects against over-voltage. 
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Here’s the panel meter we used, with the rear view at right showing the chip which does all the work (the black blob in 
the middle). This one is from Oatley Electronics but is similar to many on the market. Note the labels on the side near the 
input (left) and power (right) pins — you can just see these at the bottom edge of the right-hand photo. 


power the panel meter. 

The lone transistor and its associ- 
ated components form an oscillator 
with a frequency determined by the 
455kHz IF transformer IFT1. The 1nF 
capacitor applies a feedback voltage 
from the transformer’s secondary to 
the base of the transistor to maintain 
oscillation. The output from IFT1 is 
applied to the input of transformer 
IFT2. IFT2’s output is applied to a volt- 
age doubler made up of two capacitors 
and two diodes. 

The panel meter supply can be any- 
where from 7 to 11V DC. The output 
of this simple supply is nominally 9V 
butitis possible that it could go higher, 
especially if a higher input voltage 
is applied to the oscillator. The 13V 
zener diode protects the panel meter 
in this case. 


The shunt 


Of course, it would be possible to 
simply add a shunt resistor across the 
panel meter terminals so that it meas- 
ures current. However, this would 


require trial and error in cutting the 
shunt length to get the meter reading 
the exact current. 

To make life a lot easier, the shunt is 
instead wired to the add-on PC board 
which has provision to adjust the cur- 
rent reading via a voltage divider and 
preset pot. 

The board is the same size as the 
panel meter and is designed to solder 
to and stack on the back. Like the 
panel meters, it’s priced at $9.00 (Cat 
No K212). 

One of these was added to the 
order (I figured that only one would 
be needed, that to set up the current- 
measuring meter. The voltage-measur- 
ing meter could be used “as is”). 

The only other things that were 
required were four heavy-duty ter- 
minals, a 9V battery holder and an 
on-off switch. 

There's not much to this project — 
either in terms of complexity or cost! 
In fact, because of its low cost it would 
make a great project for a school elec- 
tronics class; something they would 
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find really useful once completed 
(especially as school electronics, by 
and large, is limited to battery-pow- 
ered projects). 


The voltmeter 


As we mentioned before, the volt- 
meteris already configured to measure 
20VDC. The only things we need to is 
provide connections between the case 
terminals and the appropriate pads on 
the PC board and supply power. We’ll 
look at power shortly. 

As a voltmeter is connected in par- 
allel with the circuit under test, very 
little current flows. And because we 
are measuring only low voltage, heavy 
insulation isn't required. 

Therefore the connecting wires can 
be as thin as you like — we used two 
strands from a ribbon cable but just 
about any insulated hookup wire is 
fine. 

Just make sure it is routed out of 
the way of the battery case and power 
switch (especially when the case is 
assembled!). 


-Fe 
SANA 


Power could be 
supplied direct from 
the 9V battery, via 
the on/off switch to 
appropriate pins on 
the PC board. But 
part of the ammeter 
(following next) is 
a DC-to-DC isolated 
power supply which 
can power the digital 
panel meter at a very 
economical 3-5mA. 
We checked: this can 
just as easily supply 


aD 


Fig.2: assembly of the Oatley K212 Shunt Board is pretty simple — only the diodes, transistor and 
the two IF transformers have any polarity issues. This board sits on top of the header pins on the 
Ammeter DPM with the pins soldered to its underside. This same PC board can also be used as a 
DPM multiplier (hence vacant holes) but we used the voltmeter DPM “as it came” with 20V FSD. 


both DPMs. 
So to keep every- 
thing simple we will 
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The heating-wire shunt shown fitted to the add-on shunt/ 
power supply board. Note that this should be done after 
the board is soldered in place, not as shown here (just to 
show where it goes!) Similarly, the photo at right shows 
both panel meters in position but the shunt board has to be 
soldered in position to the top (ammeter) DPM. 


EXISTING CUTOUT {45-x-18mm} t----@--] > 
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%* HOLE SIZES TO SUIT SWITCH 
AND TERMINALS USED 
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Drilling details for 
the Jaycar HB- 


6090 sloping front fe] 2-20 a 20mm» 4-1 2mm-p 
instrument case. 


NO 
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LCD digital panel meters 
(Oatley Electronics DPM1) 
Sloping front instrument case 
(Jaycar Electronics HB-6090) 
red heavy duty terminals 
black heavy duty terminals 
mini toggle switch, SPST 

9V battery holder, PC board 
mounting 

50mm length 2-strand ribbon 
cable (or hookup wire) 
200mm length extra heavy 
duty red hookup wire (20A) 
200mm length jth extra | heavy 
duty black k hookup ` wire (20A) 
solder lugs 


Oatley K212 Shunt Kit (contains 


the following components) 


PC board, 67 x 43mm, origi- 
nallly coded K116 6 but now 
K212 

miniature IF transformers 
BC548 NPN transistor 
1N4148 silicon diodes 

13V 400mW zener diode 
100nF polyester capacitors 
1nF ceramic capacitor 
15kQ 1/4W resistors 

2.2k0 1/4W resistor 

10kQ preset potentiometer 
length heating wire, (0.059 
per metre) — see text 
10mm M3 bolts each with 2 
nuts and washers 
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SHUNT: 
0.01252 
250mm 
HEATING WIRE 
(0.052/m) 


AMMETER DPM (UNDERNEATH) 


5 
9V BATTERY = 
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CURRENT MEASUREMENT VOLTAGE MEASUREMENT 


Here’s how it all goes together: the ammeter DPM is underneath the shunt 
board at the top (mounted on the sloping section of the case), with the 

tops of the four header pins on the DPM board (marked with an asterisk) 
soldered to the underside of the shunt board. Two wires also connect the 
“power” pins to the same pins on the voltmeter DPM board. Otherwise, it’s 
pretty plain sailing. Note that the wiring from the current measurement 
terminals to the PC board is extra heavy duty; the wiring between the 
voltmeter terminals and its PC board can be light duty (we used two strands 
from ribbon cable). 
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connect to this supply when we have 
finished off the ammeter. 


The ammeter 


The ammeter starts off being the 
same as the voltmeter — we change it 
by adding the Oatley K212 ammeter 
shunt board. 

So we might as well start off by as- 
sembling that project. It’s pretty sim- 
ple — apart from the low component 
count, only the transistor, diodes and 
zener are polarised. The IF transform- 
ers also have to go in the right way 
around or they won’t work — follow 
the pinout on the circuit diagram. 

One of the main reasons for using 
the ammeter shunt board is that it 
makes adding the required shunt a 
lot easier. 

The shunt itself is a short length 
of resistance wire which is used for 
under-floor heating. This wire, which 
is included in the kit, has a resistance 
of 0.050 per mettre. 

Therefore, half a metre will have a 
resistance of 0.0250 and 250mm will 
be 0.01250 — exactly the resistance 
we want for the shunt. 

This wire is soldered to a pair of 
spade lugs and secured to the PC board 
by two small bolts in the top corners. 
The same bolts secure the cables from 
the ammeter input terminals. 

This means that heavy currents are 
kept offthe PC board — the lion's share 
passes from the terminal, up the heavy 
cable, through the shunt and back to 
the terminal again, 

This wire does need to be thick! It 
has to be able to carry up to 20A so 
ordinary hookup wire won't do. We 
used two short lengths of extra-heavy- 
duty automotive hookup wire, rated 
at 254. These were also soldered to 
spade lugs. 

When assembling the PC board, start 
with the two bolts. While there are two 
nuts on the bolts (one holds the bolt 
in place, the other secures the spade 
terminals), we also soldered the head 
of the bolt to the copper track on the 
opposite side of the PC board. That 
improves conductivity as well making 
the bolt captive. 

To complete the shunt board as- 
sembly, solder a pair of thin, polarised 
hookup wire (or two strands from a 
ribbon cable) about 100mm long to 
the power connection pads on the 
PC board. 

Leave the opposite end for the mo- 
ment. 
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shot we’ve taken the loop out of the shunt (thick blue wire) because it hid too 
much underneath. But it needs to be looped so that the case bottom can screw on. 


The case 


The Jaycar case has a front panel 
divided into two sections. Most of it 
is flat, like any other case but there is 
a sloping section at the top. 

For our purposes this was perfect 
because it allowed room for the cur- 
rent meter with the piggy-back shunt 
board. The voltage meter fitted imme- 
diately below this on the flat section, 
with the four terminals across the bot- 
tom. The battery holder fitted nicely 
into the area between the back of the 
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terminals and the voltage panel meter 
— along with the on-off switch, 

Some surgery is required on the 
case to fit the meters and mount the 
terminals and switch but this is quite 
easily accomplished (the case is ABS). 
Even better, the sloping section has a 
removable “face plate” with a cut-out 
obviously designed for a panel meter 
—unfortunately, though, not quite the 
right size for the Oatley meters. 

We simply enlarged this cut-out to 
suit and then cut a similar-sized hole 


in the flat section of the case. 

Mark the case according to Fig. 
x and then drill a row of very close 
holes — almost touching each other 
- along the inside of line with a fine 
(eg, Imm or so) drill. If you have ac- 
cess to a drill press, this makes life so 
much easier. 

When the row of holes is finished, 
elongate them so they form a slot. 
Break out the panel and smooth the 
cutout out with a fine file up to the 
line. While it’s best to make the cut- 
outs nice and neat, any small “oopses” 
should be hidden by the panel meter 
escutcheon. The case lid is effectively 
sandwiched by the panel meter. 

When drilling the holes for the ter- 
minals, make sure you allow for the 
case mounting pillars in the corners. 
Remember you have to get a solder 
lug and nut/washer onto the terminals 
— if they are too close to the pillars, 
you won't be able to. We’ve shown 
measurements to help preclude 
problems. 

The only 9V battery holder we could 
get was one intended for PC board 
mounting — we merely bent the pins 
out horizontal with a pair of pliers 
and soldered straight to them. A dol- 
lop of super glue or other adhesive is 
all that’s necessary to hold the battery 
holder in place. 

Right alongside this (next to the bat- 
tery holder connections) is the on-off 
switch. A nice small switch looks best 
here but just about anything will be 
fine if it will fit! 


Assembly 


Assuming you have completed the 
shunt PC board, it’s time for final as- 
sembly. 

Start by mounting the voltage DPM 
on the flat of the case and then the 
current DPM on the sloping section. 
Both are mounted by removing their 
nuts, separating the front escutcheon 
from the display board proper and 
sandwiching the case between the 
two. Tighten up the nuts to lock in 
place. 

Soldering the ammeter shunt board 
to the DPM is a little tricky because 
you don’t have a lot of room to solder 
between the two boards. 

You’ll need a pretty fine soldering 
iron tip for this job. The power and 
output pads on the shunt board line 
up with the appropriate pins on the 
DPM. Note that this is done before 
attaching either the shunt or input 
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cabling, as it will just get in the way 
while you solder. 

The appropriate pads on the shunt 
board line up with their respective 
pins on the DPM. The soldered joins 
are the only thing which holds the 
shunt board in position. 

To complete the project you need 
to mount the four input terminals, the 
power switch and battery holder, run 
the heavy duty ammeter input cables 
and the light duty voltmeter input 
cables to their respective terminals 
and connect the power wires to the 
shunt board. 

The latter are the other ends of the 
two wires you previously soldered to 
the power input pads on the ammeter 
shunt board. Solder the «black wire 
direct to the “—” pin of the battery 
socket and the red wire first to the 
power switch, thence to the “+” bat- 
tery socket pin. 

Similarly, solder a pair of fine insu- 
lated wires (again, a pair from aribbon 
cable is fine) between the two power 
supply pins on the ammeter board and 
the matching pins on the voltmeter 


board, as shown in the photograph. 

Finally, connect the two ammeter 
input wires between their input ter- 
minals and the bolts on the ammeter 
shunt board, then the shunt itself also 
between those bolts. You may notice 
we looped the shunt through 360° to 
keep it all neat. 


Calibrating the meters 


The voltmeter should not need any 
calibration — it comes ready for use. 

The ammeter, on the other hand, will 
probably need adjustment because we 
have added the shunt board. 

With the 250mm of heating wire 
specified, you should get pretty close 
to 20A FSD —in fact, you might decide 
that near enough is good enough! 

If it’s not, you may need to adjust 
the trimpot on the shunt board. Use 
another meter in series (eg, a multi- 
meter on its high “20A DC” range) 
and adjust the pot so they both read 
the same current. 

Actually, providing 20A DC for 
calibration is not that easy to do, so 
you might have to do it with a lesser 


current (say 5A or 10A). This might 
also become a necessity if your mul- 
timeter only goes to 10A maximum 
— many do! 

While not perfect, this should result 
in an FSD reading close enough for the 
vast majority of applications. 


In use 


If you can find some different col- 
oured heavy-duty input terminals, 
this would mean less chance of get- 
ting the current and voltage clip leads 
mixed up. 

We couldn't — so both sets of input 
terminals are red and black. So we 
made up a couple of different coloured 
alligator clip leads (from heavy-duty 
figure-8 cable for current; ordinary 
figure-8 for voltage). 

If you stick to red and black for volt- 
age, polarity is obvious. The current 
cable can be any heavy-duty cable you 
can lay your hands on (eg, auto cable) 
as long as it is polarised — either by 
colour or a stripe. The panel meters 
automatically show reverse polarity 


with a “—” sign. 


About Meters, Multipliers and Shunts 


We've been talking at length about 
meter shunts and multipliers. But if you've 
never come across the terms before, 
they can be confusing. Fear not! Help is 
athand... 

Before we start, though, there are 
twofundamental and most important 
concepts which you must remember: to 
measure current, the meter is connected 
in series with the circuit. To measure volt- 
age, the meter is connected in parallel with 
the circuit. This is shown below, 
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It may surprise you to learn that all 
meters, whether displaying current or 
voltage, are actually showing the current 
passing through them. When we are 
measuring current, all of the current has 
to flow through the meter. When measur- 
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ing voltage, only a miniscule current flows 
through the meter (in fact, the smaller the 
better if we are not to get misleading readings 
caused by the meter “loading” the circuit 
under test). 

OK, with those to facts under your belts, 
here’s another one: with few exceptions, all 
meters, whether digital (as in our case here) 
or analog (ie, one with a moving pointer) can 
be made to read voltage or current. 

You do this, probably without realising, 
every time you use your multimeter. You 
can switch it to read voltage or current but 
the basic meter movement stays the same. 


. When you switch to a different voltage or 


current range, the switch connects various 
resistors inside the multimeter into and out 
of circuit. If you've ever taken the back off a 
multimeter you'll see a whole swag of resis- 
tors connected to the switch contacts. 

These resistors are called shunts and 
multipliers and are, for the most part, simply 
very high precision resistors. In the case of 
shunts designed for high current, they have 
extremely low resistance (perhaps only a few 
milliohms or so). 


Ohm’s law in action! 


Every meter has a certain amount of 
internal resistance. Apply a certain volt- 


age across that “resistor”, then a certain 
amount of current will flow through it. The 
exact amount of current will be according to 
Ohm's law (I=E/R) and the meter will indicate 
that current. 

Atthe meter’s designed maximum current, 
the pointer will indicate maximum, which is 
known as full scale deflection, or FSD. This 
term comes from analog meters where the 
pointer moves to the top end of the scale. 
While digital meters obviously don’t have a 
pointer or scale, the term has stuck. 


Multipliers 

What happens if the meter is reading full 
scale and you add a resistor, exactly the same 
resistance as the meter, in series? 

As the overall resistance is doubled, if the 
applied voltage stays the same, the current 
halves. Therefore the meter will read half. 

That also means the meter can read higher 
voltages without risking damage. Using that 
Same series resistor, you would be able to 
apply twice the voltage and the meter would 
read full scale. 

Add a resistor that is ten times the me- 
ter's resistance and you would have overall 
eleven times the original resistance (the 
meter resistance itself plus the 10x series 
resistor), so you could apply eleven times 
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the voltage and the meter would once again 
read full scale. 

This resistor is known as a multiplier 
and is found in all voltmeters — including 
your multimeter when it is switched to a 
voltage range. 

In the multimeter a known high-preci- 
sion resistor is connected in series with the 
meter movement which makes the meter 
read a certain voltage “full scale” (as set 
by the switch). Change the setting on the 
multimeter to a different voltage range and 
a different multiplier is switched in. The 
multimeter manufacturer marks the scale 
so that it reads directly in volts. 

Resistors used for meter multipliers are 
much more accurate than normal resistors 
— it’s not unusual for a multiplier to be ac- 
curate to one or more decimal places (eg, 
100.3Q). A normal 1009 resistor, as you 
would use in a project, even one accurate to 
1%, could actually be anywhere from 99Q to 
1019. That's not good enough jor a meter 
multiplier. For the meter reading to be exact, 
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the multiplier needs to be exact. 
Shunts 


Most meter movements are designed to 
read full scale with verylittle current flowing 
through them. A typical analog multimeter 
movement might only need 50A for FSD 
— obviously, far too low for most practical 
uses (we often wantto read five orten AMPS 
— 100,000 times as much or more!). 

How do we do it? 

We use a resistor in parallel with the 
meter movement. Some of the current will 
still pass through the meter but some will 
bypass the meter and flow through the 
parallel resistor. This resistor is usually very 
significantly lower in resistance than the 
meter movement. 

It's called a shunt, because it “shunts” 
some (indeed, usually a lot!) of the current 
away from the meter. 

With a known value meter movement and 
a known resistance shunt, you can work out 
what proportion of current flows through 
each and therefore you will know what overall 
current makes the meter read full scale. 
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The basic analog meter movement may 
only need, say, 1mA through it to read full 
scale. A typical resistance for this type of 
meter would be 200Q. 

lf you want it to read 2mA instead, you 
would add another 200 resistor in paral- 
lal with the meter — each would take half 
the current, or 1mA, therefore the meter 
would show full scale for 2mA. 

Say you wanted it to read 1A (1000mA)? 
You would need to make the shunt take 
999mA and leave 1mA for the meter. 
From Ohm's law, you can work out that 
the meter has .001 x 200 or 0.2V across 
it when it is reading full scale; therefore 
your shunt resistor needs to be or .2/.999 
or 0.200222. 

Maths time: what should the shunt 
resistor be if you wanted to have the 
meter read 10A? If you said 0.2/9.999 or 
0.02002, you'd be right. 

Before we finish, what about a multi- 
meter that reads Ohms? Believe it or not, 
this is simply a voltmeter powered by 
the multimeter’s internal batteries. The 
resistance you are measuring becomes 
part of the multiplier and the meter reads 
its value direct. That’s also why you cannot 
read resistance in a powered circuit — the 
voltage across the resistor in the circuit 
will almost certainly cause the multimeter 
to give a wrong reading. SC 
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SERVICEMAN'S LOG 


Variations of the original mousetrap 


It’s amazing the tricks some people pull to 
get out of debt. Here’s how one cunning rat 
paid off his rent arrears — with a dodgy TV 


set, no less. 


It’s amazing the range of consumer 
electronic equipment that’s now avail- 
able. However, while this is good for 
consumers, it does make it difficult 
for technicians to be proficient with 
all brands and models when it comes 
to servicing TV sets and displays. 
Fortunately though, most TV sets are 
variants of the “original mousetrap” 
and so similar troubleshooting proce- 
dures apply to all. 

We also get the odd “orphan” 
that has strayed into our part of the 
world. For example, some months 
ago, a young man brought in a 51cm 
Panasonic TV/VCR designed for the 
US market. He had been given the set 
and it had a US mains plug fitted to 
the power lead. 

Texplained that it needed a 240/110V 
transformer to start with and even then 
it would only work with NTSC signals 
and the tuner wouldn’t work in Aus- 
tralia. Disappointed, he took the set 


Items Covered This Month 


e Philips 43PP295 rear-projec- 
tion TV set (A10PTV chassis) 


Philips 29PT2152/79R TV set 
(LO1.1 chassis) 


Philips 32PW4523/79R TV set 
(L2K3 chassis) 


Philips 32PW6516/79R TV set 
(A10E chassis) 


Philips 29PT6361/79R TV set 
(A10A chassis) 


Philips 32PW8806/79R TV set 
(MG2.1E chassis) 


Samsung CS-721APF TV set 
(SCT52A chassis) 
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away and I thought that that would 
be the end of the matter. 

I was wrong. A year or so later, a 
young woman brought in a similar set 
which she said was dead and which, 
she thought, probably needed a new 
fuse. Apparently, she had been given 
the set by her male flatmate in lieu of 
rent, her “friend” being well in arrears 
when he left. 

At first I didn’t recognise the set but 
it looked awfully familiar. Anyway, 
I searched for the model number 
on my computer database and up it 
popped. 

It wasn’t until I checked the serial 
number that the penny finally dropped 
and now I could piece the sequence of 
events together. Someone had fitted an 
Australian power plug and the fuse 
had indeed given out — after all, 240 
into 110 won't go! 

It turned out that what the cunning 
little rat had done was scavenge the 
set from the footpath during a council 
clean up and then deceived the poor 
girl into thinking it was a fair swap 
for the rent. After all, he said, it only 
needed a fuse! 


Flat-panel TVs 


Repairs to plasma and LCD TVs are 
becoming more and more a closed- 
shop affair, with only the manufactur- 
ers and their agents having access to 
service manuals, modifications and 
spare parts. As in other areas, it’s the 
small independent operators that are 
losing out but that’s economics. 

It seems too that when it comes to 
flat-panel displays, it is increasingly 
becoming a case of either it works or 
it doesn’t. If it is the latter, it’s prob- 
ably a display problem and the unit is 
beyond economic repair. 

Of course, these displays are now 


selling like hot cakes, with reliability 
and quality rising exponentially and 
prices dropping. This works heavily 
against third-party repairers and long 
warranties further reinforce the in- 
house scenario. With these sets, repairs 
are only ever done at board level (like 
computers) which further shuts out 
the small operator — not that it’s really 
practical to do anything else. 

The other major loser is the environ- 
ment in the form of landfill for old CRT 
TVs and monitors. However, there is 
one growth sector in our business and 
that is installing these new flat-panel 
systems, particularly when it comes to 
integrating them with older systems. 

Until the advent of the HDMI in- 
terconnection system, connecting 
all the customer’s accessories to the 
limited (and diverse) inputs available 
on their display could sometimes 
get rather hairy. In many instances, 
additional AV switching equipment 
has to be added to the installation to 
hook everything up. Of course, this 
can sometimes be rather confusing 
for the client who now has to become 
familiar with the new technology, as 
well as learning to drive it. 

Another difficulty is that with the 
UHF band being choc-a-bloc, interfer- 
ence has become a problem with RF 
outputs from combos, etc. This means 
that you really need to have your wits 
about you when taking on an instal- 
lation, plus lots of compatible cables 
and adapters. 

Some clients have also yet to realise 
that when they purchase gear to add 
to their system, they are often creating 
unnecessary duplication. They really 
don’t need two lots of VCRs or DVD 
players, so for everyone’s sake, try to 
keep it simple! 


CRT TV repairs 


Repairs to CRT TVs are increasing 
in line with their complexity. In or- 
der to keep up with flat-panel sales, 
more and more sophisticated options 
are now being offered in CRT sets for 
less and less money. For example, 
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MOST TV SETS ARE VARIANTS OF THE ORIGINAL MOUSETRAP” 


for just $700 or so, you can get you a 
large wide (16:9) flat screen with PIP 
(picture-in-picture), Teletext and all 
sorts of digital enhancements — often 
bundled with an extended warranty. 
The same set would have cost $5000 
or more just five years ago. 
Unfortunately, this technical wiz- 
ardry often can not be fixed in the 
home and so the set has to be taken 
to the workshop for repair. And for 


that you need a large van and two 
strong blokes to lift and carry these 
large, heavy sets. The same goes for 
rear-projection sets, which are even 
bigger. 

In many cases, the fault symptoms 
are intermittent which makes it dif- 
ficult to estimate repair costs. Inter- 
mittent faults also mean long delays 
because of the soak testing required 
to confirm that the fault has indeed 


been found (and to reduce warranty 
claims). 

Unfortunately, many clients get 
frustrated because of this and don’t 
comprehend the complexity of these 
sets. They didn’t pay much for it, there- 
fore it has to be simple and it must be 
easy. to diagnose, locate and replace 
the defective item — or at least, that’s 


how they think. 
In reality, the fault might not be 
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IN MANY INSTANCES, ADDITIONAL AV SWITCHING EQUIPMENT HAS 
TO BE ADDED TO THE INSTALLATION TO HOOK EVERYTHING Uoo 


in the set itself. Instead, it could be 
due to its environment — dampness, 
humidity, heat, etc — or it could be 
due to customer ignorance and incor- 
rect operation. If indeed it is the set 
that’s at fault, it could be a hardware 
or software problem — or both. 


Faulty Philips sets 


Because we are a Philips agency, 

we naturally get to see a lot of them 
— Philips sets, that is. Let’s take a look 
at a few common scenarios: 
Case 1: a Philips 43PP295 A10PTV 
rear-projection TV will fire up with 
sound but there’s no picture. However, 
when you use the remote to switch it 
to standby, the picture briefly appears 
for two seconds. 

The fix for this is to realign control 
G2 on the focus block. One of the three 
adjustments is sitting on the edge 
of its range, causing blanking of the 
picture tubes which will even turn 
the set off. 

Case 2: similar problems can occur 
with the Philips L01.1AA and its 
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variant L2K3 chassis. In one case, a 
Philips 29PT2152/79R was hard to 
turn on and often switched itself off. 
When switched to the SAM mode 
(Serve Alignment Mode), it would 
occasionally display error 11, which 
is a “Black Current Loop Protection” 
error code normally associated with 
the CRT (flashover) or RGB amplifier 
(IC7330, TDA61070). 

Well, I not only replaced the IC but 

also the whole board without result. I 
then tapped the CRT neck fairly vio- 
lently but all to no avail. The problem 
again was the flyback transformer’s G2 
control being just on the cusp. Slight 
realignment fixed that problem. 
Case 3: one 2004 32PW4523/79R TV 
came in with a blown line output 
transistor (Q7460, BU4508DX). I re- 
placed this along with C2455 (47uF 
25V) in its base circuit, as this has been 
known to cause this sort of failure. 1 
also replaced C3465 (680pF 2kV) in 
the collector circuit. 

That done, the set came on with 
perfect sound and picture and no error 


codes (originally they were 2 and 11 for 
horizontal protection). However, after 
a short period, the transistor started 
to get extremely hot and the picture 
width started to pulsate horizontally. 

Thinking it may be due to the east- 
west FET (07400, FSTP3NGOFP), 
which is right next to line output 
transistor on the heatsink, I replaced 
that too but the fault remained. I then 
replaced the flyback transformer as 
well and then spent a lot of time on 
the power supply as Vhat was reading 
+143V instead of +140V. In particular, 
I changed C2526 (470u4F) on pin 1 of 
the TEA1507 power supply controller 
(IC7520) but to no avail. 

Eventually, I was put on the right 
path by a technician from Victor Elec- 
tronics who suggested I look closely 
at the horizontal drive transistors 
(Q7461, Q7462 & Q7463). Q7461 
and Q7463 are normal BC337-25 and 
BC327-25 transistors, while Q7462 is 
a surface-mount PDTC1432T device, 
so I decided to replace the two easy 
ones first. 
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When I removed Q7461 next to re- 
lay 1400, I noticed that the PC board 
beneath it was discoloured due to 
overheating. Replacing this transistor 
significantly reduced the temperature 
of the line output transistor. 

However, as the set was under war- 
ranty and the owner was unhappy with 
the “quality of our service”, we felt 
that areplacement chassis was the best 
form of insurance we could give. 

By the way, it is really gratifying to 
find the level of cooperation between 
competing businesses these days, es- 
pecially if you are a member of TETIA 
or TESA (Television and Electrical 
Technicians Institute of Australia and 
the Service Association). They have 
an excellent chat-room service for 
members called “CINLIST”. 


SSB board 


The Philips A10 series of TV chassis 
continue to provide a steady source 
of income due to their SSB (Small 
Signal Board) and its microprocessors. 
However, it by no means certain that 
replacing the SSB module will fix the 
fault(s). 

I was called out to a 32PW6516/79R 
using an A10E chassis. The complaint 
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was that it had initially begun to in- 
termittently vary the sound volume 
(either being too quiet or too soft) 
but now the set was dead. 

When I arrived, I per- 
severed longer than the 
client was prepared to and 
eventually managed get the 
set to come on. When it 
did, I quickly typed in 
“062596” and “i” to get 
into the SAM mode. 
Once in this menu, I 
could see how much the 
set had been used and 
what version software 
was installed (currently 
A10EP 1-1.6). More impor- 
tantly, I could see it had 
an error 6 reported which 
I cleared, while all the op- 
tion codes were correct. 

Error code 6 indicates a general 
data bus fault on the IC SDA and 
SCL lines. This can be caused by two 
surface-mounted zener diodes (6257 
and 6258) near the tuner on the Large 
Signal Board (LSB). 

Unfortunately, access to this part 
of the set is quite poor and the diodes 
in question are not shown on the PC 


Request your free 
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board component layout (probably 
because they were only fitted in earlier 
models). 

Removing these diodes really re- 
quires you to first remove the chassis, 
after which you remove the large sig- 
nal board from the plastic frame. The 
board can then be turned upside down 
so that the diodes can be located and 
removed (without damaging the very 
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fine board tracks connected to them). 

I did this and then left the set on 
soak test. However, just as I was about 
to declare that the fault had been fixed, 
the set turned itself off. I immediately 
switched it back on and checked the 
error codes to find none had been 
reported! 

Anyway, I sent the SSB board off 
to be exchanged and when the re- 
placement arrived it reported error 
codes 17 and 23 which we were told 
to ignore! 

It doesn’t fill you with confidence 
to exchange a possibly faulty board 
with no error codes for a replacement 
board that now brings up two new er- 
ror codes. In fact, it is not unusual for 
a replacement board to have residual 
intermittent faults too, despite the 
thorough tests done on it. 


NOT A REPRINT — Completely NEW projects — the result Dav 
two years research & development 

O Learn how engine management systems work 

O Build projects to control nitrous, fuel injection and turbo boost systems 
O Switch devices on and off on the basis of signal frequency, temperature and voltage 


If some of the power supply rails to 
the SSB are intermittently faulty and 
give high or low outputs when warm, 
these too can give erroneous error 
messages. In this instance (fortunately) 
the replacement SSB fixed the fault. I 
just(!) had to reset all the geometry and 
other preset controls (including check 
the option codes) for this model, which 
can take up to an hour or so to do. 

I also had a Philips 29PT6361/79R 
A10AA chassis that worked fine 
except that changing to AV1 or AV2 
turned the set off! The error codes 
varied but 2, 13, 16, 17 and 23 come 
up the most often. 17 & 23 can be ig- 
nored, 16 is a data line problem and 2 
is a vertical problem. I resoldered the 
vertical output IC7501 and checked for 
the two zeners but the fault persevered 
and only a replacement SSB fixed the 
problem. 


Old-fashioned servicing 


A 2000 Philips 32PW8806/79R MG- 
2.1E chassis was dead except for the 
Standby LEDs which went from Red 
to Yellow to Green and then to Red 
again. 

There was no chance to read the 
error codes in this set, so it was back 
to old-fashioned servicing and first 
principles. First, the +5V standby rail 
was obviously there otherwise the 
Standby LEDs would not have come 
on, nor would you have been able to 
hear the relays click through their 
sequence. 

The relays are known to give trou- 
ble, especially RL1002 which switches 
the 240VAC to bridge rectifier D6514. 
In this case, however, relay RL1002 


e Build test instruments to check fuel injector duty cycle, fuel mixture and brake and 


coolant temperatures 
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was OK as I had +330V right down to 
the switching FET (7540). 

From there, it didn’t take long to 
discover that there was nothing com- 
ing out of the secondary windings 
of chopper transformer TR5550. | 
checked for DC shorts but found none 
and the line output transistor (Q7421) 
also checked out. 

The problem seemed to be that 
there was no drive to chopper tran- 
sistor Q7540 from pin 3 of IC7520 
(MC44603). This is a fairly complex 
control IC with a lot of in-built protec- 
tion circuits. 

I started by measuring the supply 
voltage (Voc) on pin 1 of the IC with 
my DVM as I switched the set on, not 
expecting much. This supply voltage 
is derived from a separate winding on 
the chopper transformer (TR5550) and 
is rectified by diode D65625. It should 
be about +17V and I was surprised to 
find that not only was there voltage on 
pin 1 but the set then tried to come on 
with EHT and everything! 

I did this several times with and 
without the meter, with a dummy load 
on the Vpa; (+140V) line. I also tried 
switching the set on from Standby as 
well as from the full-off mode. 

Well, did I get a set of. mixed 
responses — everything from com- 
pletely “no-go” to sound and a sort of 
“picture”. I say “sort of” because the 
picture actually consisted of a white 
line across the screen, which indicated 
that the vertical output IC (1C7600, 
TDA8177) had probably failed. 

Because of the lack of access I had 
to carefully remove the Large Signal 
Board and mount it on its side, then 
move the Small Signal Board (SSB) 
so that I could get at the circuit. Of 
course, with wires everywhere and the 
whole thing balancing on the edge of 
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the bench, it was not an ideal situation for measuring 
high voltages on the hot side of the transformer. 

In the end, I decided not to muck about and I just 
changed IC7520 and IC7600 — almost on a suck it and 
see basis. I then reassembled it but sorting out which 
plug goes to which socket took some time as they are 
all unmarked. Eventually, with it all back together, I 
switched on to find that the picture and sound had 
been restored. 

I then entered the SAM (service alignment mode) by 
shorting pins 1 & 2 of connector 0356 on the SSB. This 
told me that there was an error on the +5V supply rail 
but gave no number as the Service Manual says. What’s 
more, when I cleared the buffer, there were no more 
instances of any errors, regardless as to how the set was 
switched on and off (ie, to standby or full-off). 

The set was thoroughly soak tested before being 
returned to its owner. However, I remain sceptical as 
to whether it’s really permanently fixed or whether 
it has just decided to work again for the time being. 
Time will tell! 


The fancy Samsung 

Pd always thought Samsung catered for the lower 
price range but Mr Giorgio changed my perception 
when he brought in (thankfully) his 1996 52kg 72cm 
Samsung CS-721APF (SCT52A chassis) which was 
utterly dead. 

I took the back off and immediately realised that I 
would also have to remove the horn-loaded bass reflex 
loudspeakers. I also noticed a number of modules with 
labels like Teletext, PIP and Twin Tuners, not to men- 
tion multi-system, so this was no cheap TV. 

Access to the power supply deflection panel wasn’t 
good but no worse than for other manufacturers. I re- 
moved the entire PC board and began checking it with 
an ohmmeter. 

There was continuity all the way to relays RL801 and 
RL802, as well as to power bridge rectifier D805. It was 
this area I needed to investigate the most as power is 
required to switch on LEDs PDO1 and PDO2 and these 
two relays. 

I didn’t have a service manual for this particular set 
and in fact, it was the first one I had ever seen. How- 
ever, from what I could work out, it needed at least 5V 
to operate the microprocessor, the driver transistors 
and the relays and this was supplied via D823 from 
pin 5 of T802. 

[could see] had +330V going in and out of pins 1 and 
2 of T802 but was it actually being fed to IC803? And 
then I spotted it—this 8-pin IC was not only black but the 
whole area around it was also black. Fairly obviously, 
there had been some pyrotechnics around the IC. 

When I cleaned it all up, IC803 turned out to be a 
TOP210ES switchmode FET IC. And when it had failed, 
R804 (27Q) had also sustained some friendly fire, as 
had C809 (47uF 25V) —although the wounds were only 
cosmetic. I replaced all three components plus the 
fuse and gingerly switched the set on. It worked like 
clockwork, much to my relief. 

I have no idea why the IC failed. It may been caused 
by a power surge or a wandering insect but there were 
no other clues so it must remain a mystery! SC 
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Radio transceivers designed for use with 

the Royal Flying Doctor Service (RFDS) 

are now scarce but well worth collecting. 
My EILCO RFDS radio transceiver is one 
recent acquisition that I’ve been able to fully 


restore. 


HE AERIAL MEDICAL SERVICE 
(AMS) commenced operation in 
1928 from Cloncurry in north-west 
Queensland, providing medical assist- 
ance to people in the outback. Before 
then, with no telephones or good roads 
in areas remote from Cloncurry, it 
was extremely difficult for people in 
those areas to access medical services 
— even though Cloncurry boasted a 
well-equipped hospital. 
By contrast, the AMS had a doctor 
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who could fly out to visit people in 
need of medical attention. Subse- 
quently, the AMS became much more 
effective when, in 1929, the first radio 
link in what was to become the Royal 
Flying Doctor Service (RFDS) com- 
menced at Cloncurry. 

The radios in use at station home- 
steads at that time were extremely 
simple, consisting of a 1.5W single- 
valve Morse code transmitter (crystal 
controlled) and a 2-valve regenerative 


H.F. TRANSCEIVER ME 
TYPE 6104 l 
sikini Nebb | 


LANDO 


This view shows the set with 
the front cover removed, 
ready to be connected to a 12V 
battery, antenna and earth. 


high-frequency (HF) TRF receiver. The 
base station was much more complex, 
as it transmitted voice with a power 
of 50W and used a high-performance 
receiver in order to receive the low- 
powered homestead transmissions 
(see “Outback Radio from Flynn to 
Satellites” by Rodney Champness 
for more details on the early days of 
the RFDS and the radios used in the 
outback). 

The RFDS radios evolved over the 
years from sets made (initially) almost 
exclusively by Traeger Transceivers 
to those made by a number of other 
manufacturers. Traeger produced 
many fine transceivers over the years 
but their methods of construction and 
the designs used eventually became 
outdated. 

Traeger had pioneered the use of 
plug-in modules for the transmitters 
and receivers. This technique worked 
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extremely well when only three chan- 
nels were allocated for a particular 
flying doctor network. It meant that 
if people were transferred to another 
network or if a frequency change for 
a network was necessary, then all that 
had to be done was to send a plug-in 
module out to the affected stations. 
This module could be installed and 
correctly adjusted by relatively non- 
technical people. 

Unfortunately, this approach sub- 
sequently became cumbersome and 
expensive when more than five chan- 
nels were needed. 


The birth of EILCO 


One ofthe companies that rose to the 
challenge of producing transceivers 
suitable for use in the outback was the 
Electronics, Instrument and Lighting 
Company Pty Ltd (EILCO), which is 
known these days as Codan. EILCO 
was started by three University of 
Adelaide graduates — lan Wall, Alistair 
Wood and Jim Bettison — in 1959. As 
a sideline, before the establishment 
of EILCO and before graduating, they 
often repaired equipment for the uni- 
versity and in some cases built better 
replacement equipment. 

In 1961, they were asked to com- 
plete the construction of some HF 
radio equipment for the Anglican Bush 
Church Aid Society at Ceduna. They 
looked at the design and the partly 
constructed transceivers and decided 
that a different approach to the job 
would be better for all concerned. The 
idea was accepted and the EILCO 6104 
transceiver was born. 

The set itself is about the size of a 
lunch box. It has five crystal-locked 
transmit and receive frequencies and 
an 8 W HF AM transmitter which cov- 
ers a nominal frequency range from 
2-7MHz. 

The EILCO 6104 subsequently prov- 
ed to be very popular as a portable 
transceiver with the RFDS networks, 
mineral exploration teams, govern- 
ment departments and many other 
groups that were just realising the val- 
ue of communications in the outback. 
The set was easy to use — it was only 
necessary to pull up along the track, 
open the set up, put the battery clips 
onto the 12V vehicle battery, sling up 
a wire antenna into a tree (hopefully 
there was one nearby, even if stunted), 
attach an earth, adjust the tuning con- 
trols and call the base station. 

In short, the design was a big suc- 
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This above chassis view of the 6104 shows the unit with the power supply 


module (bottom) swung out of the way. It normally sits above the PC board, 


cess and Codan has since grown into a 
well-known and respected company in 
the field of HF radio communications 
equipment. 


The 6104 


As mentioned earlier, the 6104 was 
initially designed for use with the An- 
glican Bush Church Aid Society. How- 
ever, it’s a sure bet that the founders of 
EILCO saw that the set would also be 
suitable for use by other organisations 
with only slight modifications to the 
basic transceiver. 

By the way, the set was the fourth 
unit that EILCO designed in 1961, 
hence the 6104 type number. How- 
ever, while the first two digits indi- 
cate the year of the design, they do 
not necessarily indicate the year of 
manufacture. 

The set itself is built into a metal 


“lunch box” case measuring 295mm 
long (including protrusions), 210mm 
high (including handle) and 105mm 
wide. As shown in the photo, remov- 
ing the lid reveals a very neat and un- 
cluttered transceiver control panel. 

The far left controls are used to tune 
and load the transmitter to the antenna 
in use, on any particular frequency 
selected. As an additional aid to tuning 
“unusual” antennas, a control marked 
1-2-3 is also fitted. 

The two terminals along the top 
of the control panel with the torch 
globe between them are the antenna 
and earth terminals. The torch globe 
is used as an indicator to show when 
the transmitter is correctly tuned — ie, 
when the globe is at its brightest. 

Note that when the transmitter is 
correctly tuned to the antenna, the 
receiver is also tuned. That’s because 
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Fig.1: the receiver circuit uses eight germanium transistors and shares its antenna input stage with the transmitter. 
TR1 is the RF amplifier, TR2 functions as the converter stage and TR5 is the local oscillator. Transistors TR3 and 
TR4 are IF amplifier stages, while TR6-TR8 make up the audio amplifier. 


the receiver uses both the loading/ 
tuning circuitry and the transmitter 
output circuit as its input circuit. This 
is an advantage when the transmit and 
receive frequencies are the same or do 
not differ greatly. Conversely, if they 
do differ greatly, the receiver’s sensi- 
tivity will be severely reduced. 

The remaining control at the top of 
the panel is used to switch between 
transmit and receive. In the receive 
position, only the fully-transistorised 
receiver is operating and this draws 
around 25mA with no signal input. 
The set can therefore be used for 
monitoring for long periods without 
flattening the 12V battery (after all, 
who wants to have a flat battery in 
their vehicle)! 

In the standby position, the trans- 
mitter’s valve heaters are turned on 
(so that it is ready to operate) and the 
current drain rises to around 0.8A. 
And finally, in the transmit position, 
the transmitter is operating and the 
current drain rises to around 3A. 
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The remaining controls on the front 
panel are an on/off volume control 
(lower centre) and the channel-change 
knob (bottom, far right). 


Receiver circuit 


The 6104 was built in several vari- 
ants, the two main ones being the Mk.1 
and the Mk.2. The main differences 
between these two variants are in the 
recciver. 

The unit I have is the Mk.2 with 
the 6415 receiver. This receiver is a 
plug-in unit and can either be used in 
the 6104 or used as a separate local or 
remote monitoring receiver with one 
or more channels. However, when 
remotely controlled, only one channel 
was commonly fitted. 

In particular, the RFDS and many 
other HF services used the 6415 and 
similar units as remote receivers, lo- 
cating them well away from sources of 
electrical noise, such as towns. 

Fig.1 shows the circuit details for 
the receiver. As shown, it is an 8-tran- 


sistor unit based on second-generation 
germanium transistors. 

As stated previously, the antenna 
input circuit is shared with the trans- 
mitter. Following this stage in an RF 
amplifier based on TR1 and its input is 
protected from high-level transmitter 
signals — either from its own transmit- 
ter or another nearby transmitter — us- 
ing an OA5 diode connected between 
base and emitter. 

Transistor TR2 functions as a con- 
verter stage, while TR5 functions as 
the local oscillator, Note that the local 
oscillator is crystal controlled. 

The following IF stage is based on 
transformers T1 and T2, with a ceramic 
filter between the two transformers. It 
operates at 455kHz and the IF input 
circuitry establishes the shape of the 
IF amplifier response curve. 

Transistors TR3 and TR4 function as 
RC-coupled IF amplifier stages. These 
in turn drive transformer T3 and the 
detector/AGC diode (D2). The result- 
ing AGC voltage is applied to the base 
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Fig.2: the transmitter circuit is a hybrid design, with valve V1 functioning as a Pierce oscillator and crystals X1-X5 

setting the output frequency. V2 is the power amplifier output stage, while the modulator makes use of the receiver's 
audio amplifier stage to amplify the microphone signal. This signal is then fed to he modulator’s output stag 
which is based on TR3 and TR4 | 


of TR1 which in turn controls the gain 
of transistors TR2 and TR3 in the RF 
and IF amplifier stages. 

In addition, the audio signal from 
the detector is applied via a volume =~ 
control to a 2-stage audio amplifier | | 
based on TR6-TR8. The output from 
this amplifier is fed to a 50mm loud- 
speaker on the front panel. EMM, 

By the way, the symbol used for the This is the fully 
transistors in Fig.1 may seem unusual, restored Eilco 


particularly for younger readers. In 6104 transceiver | 
fact, it is one of the first symbols used ela] at i 
for transistors and “Electronics Aus- PES id 
tralia” magazine used it regularly in be pode A 
the 1960s O 

| coating N (cost 

' as 40) and it now 
Transmitter circuit bb Areta) 


The RF section of the transmitter is 
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photos show the top and bottom chassis views of the EILCO 6104 


transceiver (taken from the rear). The two valves are used in the oscillator 
and power amplifier (PA) stages of the transmitter section (see Fig.2). 


based on conventional valve circuitry. 
As shown, it uses a Pierce oscillator 
circuit based on a 6CK6, with crystals 
X1-X5 setting the frequency. This stage 
controls the grid ofthe power amplifier 
(PA) which is built around a 6CW5. 
Coil L2 and its associated parallel 
capacitors are used to tune the trans- 
mitter output. Final output tuning and 
antenna matching is then performed 
by the tappings on the righthand side 
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of coil L2 in conjunction with C12, 
L3 and the components connected to 
switch SW2, 

A concise set of operating instruc- 
tions is glued to the inside of the 
removable lid on the top of the carry 
case. Note that the valve stages in 
the transmitter require a high voltage 
supply of 300V DC. This is obtained 
from a transistor-based DC-DC inverter 
consisting either of transistors TR1 


and TR2 at the left of the transmitter 
circuit or transistors TR5 and TR6 at 
the lower left of the transmitter circuit. 
The choice here depends on whether 
NPN or PNP power transistors are used 
in the inverter. 

The modulator makes use of the 
receiver's audio amplifier stage, so 
this stage does double duty. In prac- 
tice, this involves switching the audio 
amplifier’s input from the receiver’s 
detector to the microphone’s output 
instead. The amplified microphone 
signal is then fed to the modulator’s 
output stage which consists of TR3 
and TR4. 

This stage provides about eight watts 
of audio to fully modulate V2 which is 
the PA (power amplifier) valve. 


Restoring the 6104 


The transceiver I obtained was in 
quite good order internally but exter- 
nally it was a different matter. It had 
had a hard life in the outback and still 
had Dymo labels around the channel 
change knob, indicating that the RFDS 
frequencies were installed. 

Dismantling the set is not difficult 
and simply involves removing two 
screws at the righthand end of the 
case and two at the bottom. Once this 
is done, the set simply slides out of 
the case. 

The chassis was quite clean and it 
was easy to access the various sections. 
Despite a thorough examination, I 
found no problems with the circuit and 
it’s nice to have a restoration project 
once in a while that requires relatively 
little work. 

I decided to tune the set up on 
3565kHz, as I had crystals that suited 
that frequency which I had removed 
from another transceiver. Initially, I 
installed a 4020kHz crystal into the 
channel 1 position of the receiver 
(4000kHz - 455kHz gives a receive 
frequency of 3565kHz). That done, I 
was able to tune up the receiver by 
selecting various coil tappings and 
adjusting the trimmer capacitors for 
optimum performance. 

The antenna coil can only be finally 
tuned when the transmitter is aligned. 
The IF was OK as the ceramic filter is a 
fixed-frequency device and won't shift 
frequency unless it is faulty. Trans- 
formers T1-T3 were also checked for 
alignment and were quite OK. 

The transmitter was a little more 
difficult to tune up, mainly because I 
didn’t have the alignment instructions. 
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This system uses 1 X SP10 10W solar panel, 1 X K008B 
solar regulator kit & 1 X PB6 Sealed lead acid battery. 
Ideal for remote locations for lighting, radio or TV etc, 
Simple to connect 4 simple to install. Locate the panel 
facing north in a position of maximum sun exposure. The 
K008B regulator then looks after the charging of the 
battery automatically, so it does not over charge. Normal 


Just solder 2 wires to the pre-: 
built circuit board, clip the 
housing together and they are 
ready to use. Ideal for use in 
solar lighting systems, 


} 


caravans, cars, trucks or with 
other 12 and 24VDC systems. 


3W/12VDC $5.00 
7W/12VDC $6.50 
11W/12VDC $7.50 
11W/24VDC $7.50 


This little 12V-100KHz sine 
wave inverter will power 
many suitable Neon Tubes. 
With a small modification it 
delivered about 1500V P-P 
(Around 500VRMS) into a 
5W (50Kohm) load, The® 
output could be rectified & RO 
connected into a suitable 
storage capacitor. 


Lasers are not toys. Do not look 
into the beam or it's reflection! IR 
lasers are especially dangerous 
because you can't always see the 
light emitted. At 120mW 
the damage to your eyes 
will be immediate and 
most likely permanent. 
(LM8)$59 
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This kit comes with the 
electronics assembly (70 X 
38 X 10mm) pre-built end 


tested. All you need to dois 
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electronics æ% 
assembly, buzzer, w- 
it's load cell and connétl tof 
3VDC. Features include: MAA 

1gm 710Z. resolution, metric * — 
or imperial, LCD display, clock, 
countdown timer and low battery 
warning. Load cell 12 X 12 X 80mm. (ES5KG)$18 


This small pre-built module will record up to 24 seconds 
of sound at the push of a button, then play it back at the 
push of a second button. Requires 6VDC to operate. 
Measures 34mm X 22mm Comes with a 29mm speaker. 
Now just 3 modules for $10 


These switch mode power supplies are used but in good 
condition. They require a common IEC mains lead, we 
will supply the IEC lead for an additional $1. Measures 
120mm X 60mm X 35mm. Power supply (DELTA1) $10 


11 | Don't forget our range of very strong rare earth magnets. 


Horizontal resolution: 380 
lines, 1/3" CMOS image 
Sensor, Minimum illumination: 
3 Lux. Standard PAL Video Output. RCA Connections. 
Built-in microphone. Includes swivel mount. No infrared 
LED's. Operates from 7 to 12V DC and draws 30mA. 
Dimensions 25 x 35 x 14mm. Click here for wiring 
instruction. (CAMS) $39 


Enjoy the superior sound and picture quality of free to air 
digital TV. So good you will enjoy watching the ads. For 
more details see our website. (DT VM) $89 
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From as little as 20 cents. See our website for more info. 


This module generates a high negative voltage when 
powered from a low voltage DC supply and emits the 
negative ions. These are used in some air conditioners 
and air purification systems. This module may also be 
suitable as a high voltage 
supply for electrostatic 
speakers. The nominal 
supply voitage for this 
module is 12VDC butit 
can be powered froma 
lower supply voltage. 
Overall dim. of the main 
body 42x20x25mm 
& the mounting holes are e 47mm apart. 12V@30mA max. 
Rated power is 1W, 8KV max. output. Frequency is 
15KHz, produces up to six million ions per cubic 


centimeter. $12 - 
NA 


SENERATOR 

Same specs, as heal 

unit above with differing case 
dim. Overall dim. of the main 
body are 37x17x17mm 8 the 
mounting holes are 
67mm faite 


— 


$12 
Ni E ION and OZONE GENI 
This modulo generates negativa 
ions and ozone gas when 
powered from a low voltage DC 
supply. These are usedin , 
some air conditioners and 
air purification systems. Over- 
all dim. of the main body are 
45x30x20mm 12V-30mA max. Hi 
Rated power is 1W, 8KV max. output. -requency is 
15KHz, produces up to six million negative ions per cubic 
cm & also 50 milligrams of ozone per hour. (IONOZ) $16 


= 
eee 


price $165.00. Buy all three together for just 
For a mean 5 hour solar day the 
battery would receive a charge of 
3.5AHr's from a 10W solar panel: 
Sufficient to power 1 of the lamps BZ 
below for 42 hrs or 5 lamps for 8 hrs! 


3 
Labi 


ee 


This simple inverter kit is designed to power these 14V 
lamps from a 12V lighting transformer or 12V battery. 
Operating range from 8V - 15V, 3mA @ 12V quiescent, 
340mA with 5 lamps. Delivers a constant voltage to the 
lamps. The kit includes PCB, all onboard components 
inc, pre-wound inductors. This package is designed to be 
used with the above solar system. It can also be used with 
our K237 low voltage cutout kit to protect batteries from 
over discharging, K248 $49 


This meter measures VAC / R/ and Insulation resistance 
at 2 to 500V as per Australian Standards. it delivers 500V 
into 1M ohm Used but in good condition. Includes Leads 
and holster. Limited quantity $77 


industry & professionals. 


www.oatlevelectronics.comSuppliers of [kits and surplus electronics to hobbyists; experimenters, 
OR WW' Orders: Ph ( 02 ) 9584 3563, Fax 9584 3561, sales@oatley¢lectronics.com, PO Box 89 Oatley NSW 2223 
major ered Cards accepted, Post & Pack typically $7 Prices subject to change without natice ACN 068 740 081 ABN18068 740 081 
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However, after working on many fixed 
tuned transmitters and receivers over 
the years, areasonable “guestimation” 
of suitable taps and capacitor values 
can be arrived at. 

Of course, only people with an ap- 
propriate transmitting licence should 
have a working transmitter. I experi- 
mented with the tappings on L2 and 
the values of the parallel capacitor as 
selected by switches SW1fand SW1g. 
In this case, getting the right tapping 
and capacitor value is a bit like experi- 
menting with the tappings on a crystal 
radio to get best performance. 

Eventually, I got it operating as it 
should, which meant that the receiv- 
er’s RF stage was now also aligned 
correctly. 


Repairing the case 


As indicated earlier, the metal case 
was rather the worse for wear. In the 
end, I figured that there were others far 
more capable than I when it came to 
fixing the scratches and abrasions. 

As a result, I removed most of the 
handles and clips, although I couldn't 
remove the clips at the end of the case. 
That done, I took the case to a local 
powder coating firm and they did a 
first class job on it — so much so that 
it now looks like new. At $40, it was 
a job well done. 

The control panel was in reasonable 
order but I did have to remove the old 
Dymo labels, Unfortunately, glue had 
been used around the labels and this 
proved to be so difficult to remove 
without damaging the front panel that 
Į just cleaned it as best I could. 


Summary 


The EILCO 6104 was one of the first 
truly “lunch box” size portable HF 
transceivers used in the outback. The 
outback of Australia has been a harsh 
testing ground for any equipment and 
the 6104 (and most other Australian- 
designed radio equipment) stood the 
test of time out there. 


Photo Gallery: AWA R39 Battery Receiver 


— 


MANUFACTURED BY AWA in 1937, the R39 is a 4-valve battery-powered 
receiver requiring 120V HT, 2V for the valve filaments and bias voltages of 
-1.5V and -4.5V. The filament and bias voltages were all obtained from an 


internally fitted, tapped, battery. 


The valve line-up was as follows: 1C6 frequency changer; 1C4 IF amplifier; 
1K6 reflexed 2nd IF amplifier/1st audio amplifier/detector/AVC rectifier; and 
1D4 audio output. Photo: Historical Radio Society of Australia, Inc. 


My unit works well but unfortunate- 
ly it can not be used today on the ama- 
teur radio bands, as it is restricted to 
only five frequencies and to AM-only 
transmissions. By today’s standards, 
it is well and truly obsolete. 

That said, my 6104 is a worthwhile 


Learn how engine management systems work 


Build projects to control nitrous, fuel injection and turbo boost systems 
Switch devices on and off on the basis of signal frequency, temperature and voltage 


Build test instruments to check fuel injector duty cycle, fuel mixtures and brake & temperature 


Mail order prices: Aust. $A22.50 (incl. GST & P&P); Overseas $A26.00 via airmail. Order by phoning (02) 9939 
3295 & quoting your credit card number; or fax the details to (02) 9939 2648; or mail your order with cheque 


or credit card details to Silicon Chip Publications, PO Box 139, Collaroy, NSW 2097. 
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addition to my small collection of 
RFDS radios, dating from 1948 on- 
wards. Early RFDS radios are scarce 
but some of the later ones are still 
available occasionally. They are well 
worth collecting, as they form part of 
our unique radio heritage. 
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wo incredible CDs with over 1000 classic pro] 
from the pages of Scientific American, -z 
covering every field of science... 


ABI BAA Arguably THE most IMPORTANT collection of 
eae scientific projects ever put together! 

eager This is version 3, Super Science Fair Edition 
from the pages of Scientific American. 
As well as specific project material, the CDs 


J1 


contain hints and tips by experienced | SS 
amateur scientists, details on building / Se E 


science apparatus, a large database / 
of chemicals and so much more. / 


ELA 


SCIENTIFIC 
AMERICAN , 


y mr IE LL 


Ed 


THE AMATEUR 


L URL FE Just a tiny selection of the incredible range of projects: 
The Complete Collection 


e Build a seismograph to study earthquakes e Make soap bubbles that last for months e 
Monitor the health of local streams e Preserve biological specimens e Build a carbon 
dioxide laser e Grow bacteria cultures safely at home e Build a ripple tank to study wave 
phenomena e Discover how plants grow in low gravity e Do strange experiments with 
sound e Use a hot wire to study the crystal structure of steel e Extract and purify DNA 
in your kitchen eCreate a laser hologram + Study variable stars like a pro e Investigate 
vortexes in water e Cultivate slime moulds « Study the flight efficiency of soaring birds 
e How to make an Electret e Construct fluid lenses » Raise butterflies as experimental 
animals e Study the physics of spinning tops e Build an apparatus for studying chaotic 
systems ə Detect metals in air, liquids, or solids e Photograph an ant's brain and 
nervous system e Use magnets to make fluids into solids e Measure the metabolism of 
an insect... e and many, many more (a thousand more, in fact!) 
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HERE'S HOW TO ORDER YOUR COPY: 


a © BY PHONE:* (7 BY FAX:# BY EMAIL:# BY MAIL:# BY INTERNET:* 
y” (02) 99393295 «Ae, (02) 9939 2648 @ silchip@siliconchip.com.au PO Box 139, A siliconchip.com.au 
«> 9-4 Mon-Fri <= 24 Hours 7 Days 24 Hours 7 Days Collaroy NSW 2097 24 Hours 7 Days 


* Please have your credit card handy! # Don't forget to include your name, address, phone no and credit card details. ^ You will be prompted for required information 


A F: 0 mion 


= Instructions to perform over 1,000, classic 
experiments from every field of science 


E 
$ 


"The science deal of the century.” 


Ages 12 to Adult John Bollinges 


ASK SILICON CHIP 


Got a technical problem? Can’t understand a piece of jargon or some technical principle? Drop us a line 
and we'll answer your question. Write to: Ask Silicon Chip, PO Box 139, Collaroy Beach, NSW 2097 or 
send an email to silchip@siliconchip.com.au 


Query on universal 


preamplifier 


I built the Universal Preamplifier 
(SILICON CHIP, April 1994) as a phono 
preamplifier. I noticed that the induc- 
tors in the similar circuit published 
in the August 2006 issue had the 
wire passing through the inductor 
only once instead of four times as in 
the universal kit. Is one turn pass- 
ing through the inductor a possible 
modification? 

Also I noticed that instead of two 

100kQ resistors in parallel in the input 
stage, one 47k resistor was used in 
the latter circuit. Can this modification 
improve the universal preamp? (C. A., 
Innisfail, Qld). 
e Oneturnthrough the inductor core 
is correct, as is the 47kQ resistor. Two 
100kQ resistors in parallel equal 50kQ 
so there would be no point in changing 
to one 47kQ resistor. 


2N4992 for soft-start 
lamp circuit 
With reference to the soft-start lamp 


circuit from the June 1986 issue of 
“Electronics Australia” (See Ask SILI- 


CON CHIP, November 2006, page 104), I 
successfully built quite a few of those 
back in 1986 to use with the expensive 
Philips “head-mirror” lamps which 
were very prone to failure on our 245- 
252VAC mains supply. 

I still have some new 2N4992 SBS 
devices left in my stock. I would be 
happy to sell the devices for $5 each. 
A postal note with a stamped self- 
addressed envelope, maximum two 
devices per customer, would do the 
trick. (David Humrich, PO Box 117, 
Greenwood, WA 6924). 


Query on AV 


signal generator 


Do you have an error in the “Pocket 
AV Test Signal Generator”, in the June 
2006 edition? Both the schematic 
and the component overlay show pin 
15 (Vsync) of IC2 (AD724JR) going to 
ground (logic low). 

While researching the AD724JR fora 
project I am working on, [ came across 
the following in Analog Devices data 
sheets for this IC. The “Pin Function 
Description” page states: 15 -VSYNC 
— Vertical Sync Signal (if using external 
CSYNC set at >+2V). The “Theory Of 


Operation” section confirms this: “If 
the user produces a true composite 
sync signal, it can be input to the 
HSYNC pin while the VSYNC pin is 
held high”. 

Thanks for a terrific magazine! The 

mix of projects, feature articles and 
special columns makes every month’s 
issue a great read. I especially like 
“Serviceman's Log” and the cartoons 
that go with it add a few extra chuck- 
les! (L. H., Lavington, Vic). 
e The composite synchronisation 
signal generated by the firmware in 
the 16F84A-20 is inverted. As the 
sync input to the AD724 is simply an 
XNOR gate, grounding the VSYNC 
pin inverts the sync back to the cor- 
rect polarity. The >+2V simply refers 
to logic high. 

Alternatively, the HSYNC pin could 
have been grounded and inverted 
sync fed into the VSYNC pin. Another 
solution would be to tie HSYNC high 
and feed non-inverted sync into the 
VSYNC pin. 

This feature of the AD724 makes it 
very flexible in terms of firmware de- 
velopment and PC board layout. Note, 
however, that by using separate H and 
V sync signals, you will not produce a 


How To Reverse An AC Motor, 


Is it feasible to reverse/forward 
the motor rotation in an AC elec- 
tric motor, through the use of 
a controlling switch? I wish to 
change the direction of rotation 
for relatively short periods of time 
at say, 3-minute intervals. (D. M., 
Binningup, WA). 

e To reverse the direction of a 
single-phase AC brush motor, you 
need access to the field windings 
so that they can be reversed with 
an AC contactor with DPDT con- 
tacts. However, on many motors, 
getting this access is not easy. This 
applies particularly to universal AC 
(ie, series wound) since the field 
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winding is split, on either side of 
the brushes. Shunt-wound motors 
are easier but are not very common 
these days. 

To reverse a single-phase AC in- 
duction motor, you need to reverse 
the connections to the start wind- 
ing, again using an AC contactor 
with DPDT contacts. Finally, to 
reverse the direction of a 3-phase 
induction motor, you need to swap 
the connections to one of the phase 
windings. 

You really need to be very fa- 
miliar with AC motors before you 
start accessing the connections 
underneath their terminal covers. If 


you get the connections wrong, you 
can easily burn out the motor. The 
same comment applies to the wiring 
of AC contactors — get it wrong and 
you could have a very hazardous 
situation on your hands. 

Also, while considering the re- 
peated reversing of any motor, you 
need to consider whether it should 
be stopped before reversing direc- 
tion, as the surge currents will be 
very much higher if you simply 
slam it into reverse. Also, you need 
to consider whether the motor is 
rated for repeated starting, as its 
windings will run much hotter with 
the repeated surge currents. 
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true composite sync as per the Austral- 
ian standards. This is why the signal 
is generated in firmware. 


Quiz game 
circuit wanted 


I wish to construct an arrangement 
similar to the one featured in the TV 
game “Spics and Specs”. When the 
first contestant presses the button, 
it activates a buzzer or speaker and 
de-activates the rest. Has there been a 
similar project in SILICON CHIP or could 
you suggest a circuit that would oper- 
ate in this manner? (D. B., via email). 
@ Our Quizmaster project published 
in July 1993 is your answer. This can 
cope with up to four players. 


Noise-cancelling 
for bedrooms 


I suggest a noise-cancelling project 
to cover the area at the head of a 
bed, even just the area of a pillow. I 
know how effective noise-cancelling 
headphones are (especially my Bose 
QuietComfort 2 set). 

Of course, the difficulties increase 

with the volume covered but I under- 
stand some bizjets and luxury cars are 
fitted with noise-cancelling systems. 
With growing levels of urban noise at 
night, I suspect this would be a popular 
project. (R. H., via email). 
@ Thanks for the suggestion. How- 
ever, you may not realise that you 
can make a big reduction in perceived 
noise, especially at low frequencies, 
merely by pulling your bed away from 
the wall by about 30cm or so. That may 
not be convenient but if it is possible, 
it might help at times when noise is a 
real problem. 


Tiny PC power 
supply wanted 

I want to fit a micro ATX mother- 
board into a custom enclosure. I have 
seen some cool enclosures in maga- 
zines where people have put PCs into 
everyday household appliances like 
toasters or wooden enclosures, etc. 

The problem I have is that the en- 
closure I want to use won’t fit a con- 
ventional PC power supply. I can fit a 
micro ATX motherboard, hard drive 
and a graphics card and a couple of 
fans but that is about it. I am looking 
to use an external plug pack to provide 
the power. 
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USB)ElectrocardiographiHasiNoJRulse 


I built the USB Electrocardiograph 
(SILICON CHIP, February 2005) from 
a Dick Smith Electronics kit. The 
kit instructions state that the PIC is 
pre-programmed. I loaded the driv- 
ers and the software from the SILICON 
CHIP website and installed them as 
per the instructions. 

I am using Windows XP Profes- 
sional with SP2. I could not make the 
kit work and I loaded the drivers and 
software onto a portable PC with the 
same result. I checked the voltages 
in the analog and digital sections 
and all seem to be as expected. A 
scope on pin 7 of IC2b shows a 
fluctuation when either the CON1 or 
CON2 leads are touched. A ragged 
pulse is noted when the scope lead 
is connected to pin 3 of IC3. 

LEDs1 & 2 do not flash when the 


However, a plugpack typically pro- 
vides a single voltage and to provide 
the various voltages to a standard ATX 
motherboard connector I need to add a 
small circuit board inside the case to 
take the plugpack input and produce 
the various voltages for the ATX con- 
nector, drive connectors, etc. 

I have built a few kits so I have 
some idea of what is required to do 
this. However, if I design something 
myself, I may not quite get it right and 
may end up with unnecessarily large 
power dissipation (heat) happening 
on the board inside the case. Can you 
suggest a suitable circuit? (G. F., via 
email). 

e [tis not practical to try to design a 
switchmode PC power supply smaller 
than the ones you can presently buy 
off the shelf, They are very efficient, 
cheap and very compact for the large 
amount of power that they provide. 
Plugpacks simply do not have any- 
where near enough power output to 


do the job. 


ATX power 
supply plugs 


Recently my computer died and I 
traced the fault to the power supply 
and in particular the 20-pin ATX 
plug (really a socket) that plugs into 
the motherboard. This plug is made 


PC software is communicating with 
the device. Any help will be greatly 
appreciated. (R. G., Stirling, WA). 
e From your email it sounds as if 
either the VB6 ECG Program or the 
FTDI USB serial port driver have not 
installed properly or are not com- 
municating with each other. 

Have you tried checking the status 
of the USB driver, by going into Con- 
trol Panel, then System and Device 
manager? You should be able to do 
this and find the driver listed under 
Ports — COM and LPT. When you 
check its Properties, you should see 
that it’s installed OK and has the cor- 
rect bit rate and COM port number 
5. If not, you should be able to set 
them correctly. The VB6 program 
should also be set to the same COM 
port number and bit rate. 


of polyamide and is manufactured 
by Molex. 

Despite my best endeavours, I was 
unable to get a replacement. Retail 
electronics stores stock other types 
but not this one. 

It seems that the only solution is 

to replace the power supply and as I 
picked one up for $NZ30 it wasn’t a 
huge problem. However, it irritates me 
that there may be many perfectly good 
computer power supplies that have 
become redundant for want of a plug 
replacement. (J. R., via email). 
e We don’t think there is any easy 
answer apart from perhaps picking 
up the odd computer from council 
clean-ups so that you have an array 
of connectors handy. 


Loudspeaker 


selector wanted 

I’m thinking of building a simple 
infrared-controlled speaker selector 
box to send music to various rooms 
in our house. I don’t need to drive 
more than one pair of speakers at a 
time, so it’ll ensure that the currently 
connected speakers are disconnected 
before connecting the new pair when 
a switch occurs. 

I’m guessing the easiest way to build 
this would be with a PIXAXE and a set 
of relays. However, I’m not sure what 
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AdjustabielPower,Supply/For/Audio/Amplitiers 


I would like to suggest that 
SILICON CHIP designs a regulated 
split-rail power supply for audio 
amplifiers. The design should have 
an adjustable voltage range of up to 
+37V at 3A as a minimum. I suppose 
it would be easiest to base the de- 
sign on existing programmable volt- 
age regulators such as the LM317, 
with one or two additional pass 
transistors for the extra current. 

It could be designed to a format 
similar to the audio amplifier mod- 
ules, so that the regulator and pass 
transistors can be easily mounted on 
large heatsinks if required. 

There are many audio amplifier 
designs which I would imagine 
could benefit from the addition of 
a quality regulated supply, espe- 


cially amplifier modules with a high - 


current rating I’ll need for the relays. 
The speakers I'll be driving are fairly 
small (40W handling if I remember 
correctly). (J. B., Umina, NSW). 
e We described a 10-Channel Infrared 
Remote Control Receiver in the Febru- 
ary 2002 edition that could be modi- 
fied to suit your purpose. As described, 
it is not a “1-of-10 selector” but rather 
it allows any output to be toggled 
individually. If you are familiar with 
PIC programming it should be easy to 
modify the existing code to perform 
the 1-of-10 function. 

For 40W into 8-ohm speakers, re- 
lays rated at 3A or higher should be 
sufficient. 


Project for hydroponic 


measurements 


I built your “Digital Instrument Dis- 

play For Cars” as described in the 
August 2003 issue but find I have no 
use for it any more. Is there a way I can 
use itin my hydroponic set-up? I need 
a permanent TDS or EC measurement 
and display. (T. L., via email). 
@ Unfortunately, this unit is not di- 
rectly adaptable to the measurement 
of EC (electrical conductivity) or TDS 
(total dissolved solids). Both of these 
measurements of conductivity are 
made in milliSiemens/cm or micro- 
Siemens/cm and essentially require a 
high-impedance voltmeter circuit. 
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continuous current draw (such as 
Class-A designs). The design should 
suit amplifiers in the small to mid- 
power range (say up to 60W) and 
perhaps could allow for a variable 
number of pass transistors to allow 
the current capacity to scale with 
the intended use. (P. T., via email). 
eo We have already designed a 
dual-rail fully regulated supply for 
amplifiers, in the August 1998 is- 
sue. It was used to power the 15W 
Class-A stereo amplifier. 

As published, it delivered +20V 
but it could be made adjustable, 
depending on the transformer input 
voltage. However, we do not regard 
such a power supply as being a big 
advantage for most class-B amplifier 
designs. For a start, most class-B 
designs already have quite adequate 


The Digital Instrument Display for 
Cars does not have a high input im- 
pedance although the input op amp 
(IC2a) could be adapted to provide 
this. However, to produce a reading of 
electrical conductivity, you also need 
a special probe and the instrument 
would need to be calibrated with a 
standard solution. 

In short, the Digital Instrument Dis- 
play could be adapted to an electrical 
conductivity meter but then only with 
a re-design of the input stages and 
rewriting the software code. 


Source for high-temp 
epoxy resm 

In your January 2006 article on the 
construction of the High Energy Igni- 
tion system, when detailing assembly 
of the Hall effect chopper to the rotor 
arm, you suggested the use of an epoxy 
resin made by JB Weld. Despite two 
emails to the company in the USA ask- 
ing for a retailer here in the west I have 
received no response — not unusual for 
large US companies. 

Could you therefore please let me 
have the name of the retailer you 
were able to obtain this product from 
— even if you are unaware of one here 
in Perth? (P. M., via email). 

e We found JB Weld for sale in the 
hardware section of Kmart. It is best 
to get the standard version (part 8270) 


PSRR (power supply rejection ratio) 
and therefore there is no advantage 
in terms of residual hum and noise 
from the amplifier itself. 

In fact, there is a disadvantage in 
terms of power output. Any normal 
class-B amplifier will have consid- 
erably higher music power output 
than its continuous power output 
(the ratio is referred to as “dynamic 
headroom”) if it is used with an 
unregulated power supply. That is 
why all commercial amplifiers do 
not have regulated supplies. 

Making the supply adjustable to 
cover arange of output voltages also 
presents a difficulty because if the 
supply is to have a big difference 
between its input and output DC 
voltages, it will need big heatsinks 
to dissipate the waste heat. 


rather than the fast setting one because 
of its 315°C rating. 


Measuring the speed 
of model planes 


Is it possible to increase the range 

of the Radar Speed Gun (SILICON CHP, 
November 2006) to 350km/h to meas- 
ure the speed of model planes and 
cars. The speed gun would need to 
be pointing at the model at a tangent 
to the circular path of the model. Is 
there a size limitation with the model 
and how close would the gun need 
to be to the model? (C. H., Baulkham 
Hills, NSW). 
e It is not hard to extend the speed 
measurement range of the Radar Speed 
Gun to over 350km/h. The main modi- 
fication needed is to reduce the value 
of the capacitor between pins 3 and 5 
of IC2 from its present value of 3.3nF 
to say, 2.2nF or 1.5nF, 

However, it’s hard to say if the pro- 
ject would be capable of measuring 
the speed of model planes or cars. 
The main limitation is likely to be 
the relatively small amount of metal 
in typical models which will result in 
only a very small amount of reflected 
microwave energy or “echo”. The out- 
put of the Radar Speed Gun is quite 
small and the coffee-can antenna pro- 
duces a transmit/receive beam pattern 


which is fairly narrow but possibly 
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not narrow enough to concentrate it 
sufficiently to get good results with 
small models. 

It’s possible that the beam could be 
better focused by adding a third cof- 
fee can to the front of the barrel but 
there is no guarantee that this would 
be sufficiently effective. 


Priority switching 
for CB radio 


I am trying to mix CB radio and 
mobile phone signals into my existing 
car speakers. The radio is a compli- 
cated affair that interfaces to steering 
wheel paddles, so there is probably 
no reasonable commercially available 
head unit that would help. It has no 
AUX input. 

I am looking for a small mixer that 

I can cut into the front speaker cables 
and add the CB output to it. You can't 
just splice the cables because the 
radio/CD head unit would probably 
blow the CB unit. I can turn the radio 
off or down when playing with the 
CB but I don't want to have to switch 
the speakers. Hope you can help. (T. 
D,, via email). 
e Presumably you don’t really want 
to mix the CB speaker and car radio 
signals. Instead, you really want the 
CB to have priority over the car radio 
when the CB is in use. 

Assuming this is correct, you could 
achieve this “priority” function quite 
easily by modifying the VOX circuit 
we featured in the September 1994 
issue. This monitored the signal from 
an electret microphone and it closed 
a relay whenever the microphone 
produced a signal above a certain 
threshold. 

You could adapt it by substituting a 


Iam building the Infrared Remote 
Control Extender (SILICON CHIP, Oc- 
tober 2006) but will have multiple 
rooms where I want to be able to 
control my Foxtel box. Can I use 
one extender unit as the receiver 
and locate a number of TSOP4136s 
around the house on the ends of 
long cables or do I need a complete 
receiver unit for each room and drive 
the single IR LED? I can do without 
the confirmation LED. 

Would there need to be any filter- 
ing into the IC2a/b inputs if a single 
receiver was possible and multiple 
long input lines were connected? 
Would the 5V circuit need to be 
changed to increase the current flow 
to multiple sensors? Pm looking at 


setting up about six rooms with sen- 
sors controlling a single Foxtel box. 
(D. C., Park Orchards, Vic). 
o The circuit was designed for a 
single TSOP4136 but you could par- 
allel up to three of these on the one 
receiver PC board. The 5V supply 
would need boosting by changing 
the 150Q 0.5W resistor to 75Q 5W. 
We would not expect that you 
would need to filter the pin 1 out- 
puts. These are open collector witha 
pull-up resistor and so paralleling is 
possible and the output impedance 
is low enough not to produce signal 
on its own due to interference. 
Note that each TSOP4136 requires 
a 100uF bypass capacitor between 
pins 2&3. 


10kQ resistor for the microphone and 
then coupling the signal from your CB 
via a 1kQ resistor into the 0.1uF ca- 
pacitor feeding diodes D1 & D2. Make 
sure you disconnect the 0.1uF capaci- 
tor from pin 1 of IC1a, You will need 
a DPDT (2-pole change-over) relay to 
do the speaker switching. 


Ceiling fan 
timer query 

Is there a way to use the Ceiling Fan 
Timer (SILICON CHIP, October 2005) 
with a light as well, as my toilet has 
the fan and light on the same switch 
circuit. (W. B., Toowoomba, Qld). 
e Simply wire the fan and light in 
parallel. 


Simple Variable Boost Control, 
February 2007: the text describ- 
ing the wire colours on page 37& 
38 is wrong. The wire from the 
ECU should be green and the 
wire to the boost solenoid should 
be blue, to agree with the diagram 
of Fig.3. 


Fuel Cut Defeater For Cars, Feb- 
ruary 2007: on page 39, the text 
states “Check that the voltage at 
pin 8 of IC1 is +5.6V”. In fact, 
the voltage is +12V, with respect 
to pin 4. 


SILICON CHIP magazine regularly describes projects which employ a mains power supply or produce high voltage. 
All such projects should be considered dangerous or even lethal if not used safely. 

Readers are warned that high voltage wiring should be carried out according to the instructions in the articles. 
When working on these projects use extreme care to ensure that you do not accidentally come into contact with 
mains AC voltages or high voltage DC. If you are not confident about working with projects employing mains volt- 
ages or other high voltages, you are advised not to attempt work on them. Silicon Chip Publications Pty Ltd dis- 
claims any liability for damages should anyone be killed or injured while working on a project or circuit described 
in any issue of SILICON CHIP magazine. Devices or circuits described in SILICON CHIP may be covered by patents. 
SILICON CHIP disclaims any liability for the infringement of such patents by the manufacturing or selling of any 
such equipment. SILICON CHIP also disclaims any liability for projects which are used in such a way as to infringe 
relevant government regulations and by-laws. 

Advertisers are warned that they are responsible for the content of all advertisements and that they must con- 
form to the Trade Practices Act 1974 or as subsequently amended and to any governmental regulations which are 


applicable. 


siliconchip.com. au 
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AD GREAT BOOKS FOR 


t ower 
wifi r Design w i Ee 
Handbook Reduced in price from previous edition! From one of 
the world’s most respected audio authorities. New 4th 
edition is more comprehensive than ever — now with new 
chapters on Class D amplifiers and DC servos. 
Now even bigger — 465 pages in paperback. 
4A See ihe review in September 2006 issue. 


Varlable Speed 


Orives and 
Power Electronics 


nn nf 
» 755 
Pot 
Ea ’ 


An essential reference for engineers and anyone who wishes i 


to design or use variable speed drives for induction motors. 
As reviewed in SILICON CHIP September 2003. 288 pages. 


i easily mastered alternative to more theoretical textbooks. 
178 pages in paperback. 


™ Product 


Widely regarded as the standard text on EMC, provides all the esigners 


key information needed to meet the requirements of the EMC 
Directive. Most importantly, it shows how to incorporate EMG 
principles into the product design process, avoiding cost and 
performance penalties, meeting the needs of specific stand- 
ards and resulting in a better overall product. 

360 pages in paperback. 


Anyone interested in ports, transducer interfacing, analog to dig- 

ital conversion, convolution, filters or digital/analog conversion 
will benefit from reading this book. The principals precede the 

applications to provide genuine understanding and encourage 
further development. 302 pages in paperback. 


Oe eres 


The latest guide to RF design for engineers, technicians, stu- PEA 
dents and enthusiasts. Covers key topics in RF: analog design ER 
principles, transmission lines, couplers, transformers, ampli- 

fiers, oscillators, modulation, transmitters and receivers, 
propagation & antennas. 279 pages in paperback. 


EMC 


with a basic knowledge of electronics can create a very com- 


fideo Scrambling q. 


A guide to DVD technology and applications, with particular 
focus on design issues and pitfalls, maintenance and repair. 


electronics and sales and installation staff. As reviewed in 


das If you've ever wanted to know the intricate details of 


| setting up your own wireless network and the traps for 
young players, you'll find it here. 
(See review July 05 Siticon CHIP) 
530+pages in paperback. 


For anyone involved in designing, adapting and using analog 
and digital audio equipment. Covers tape recording, tuners 
and receivers, preamplifiers, voltage amplifiers, audio power 
amplifiers, compact disc technology & digital audio, test & 
measurement, loudspeaker crossover systems, power sup- 
plies and noise reduction systems. 375 pages in soft cover. 


Essential reading for electronics designers and students 
alike. It will answer questions about core analog theory and 
design principles as well as offering practical design ideas. 
Many of the circuits taken from lan Hickman's 

= magazine articles. 294 pages in soft cover. 


tT) | (1| ld 
An easy-to-follow, step-by-step text for a wide variety of 
power supplies. All described in simple language. Anyone | 


plicated power supply design. 265 pages in paperback. 


rambling 
añ ot le n 


Ever wondered how they scramble video on cable and sat- 
ellite TV? This book tells you! Encoding/decoding systems 
(analog and digital systems), encryption, even schematics 
and details of several encoder and decoder circuits for ex- 


perimentation. For both the hobbyist and the professional. 
290 pages in paperback. 


ideal for engineers, technicians, students of consumer 


Silicon Chip February 2004. 319 pages in paperback. 


f y 
stots 
Op Amps Comp} 
for Every. Referen H 


Compiled by Texas instruments, this is the closest thing 
to a “bible” on op amps. This is an engineer's reference 
with lots of theory, plenty of maths and right up-to-the- 


minute with modern devices. Not cheap but worth every 
cent. 478 pages, soft covers. 


4833 
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Red Hat 


Enterpris Linns & 
Fedora MATO 


If you're into Linux you've got to have this latest 

omnibus reference covering Red Hat Enterprise Linux 
and Fedora. Great for internet server management, 
firewalls, encryption, authentication and more. 
Includes DVD. 832 pages, soft covers. 


siliconchip.com.au 


BOOKSHOP 


10% 
OFF! ~ 


gectric Motors 
and Drives Brand new edition of this amazingly popular book. 
intended for non-specialist users of electric motors 
a and drives, filling the gap between academic texts and 
£. general "handbooks". Explores all of the widely-used 
An ‘SZ A modern types of motor and drive including convention- 


al & brushless DC, induction motors, steppers, servos, 
\7 vA synchronous and reluctance. 384 pages, soft cover 


A unique and practical guide to getting up and running 

with the PIC. It assumes no knowledge of microcontrollers 
— ideal introduction for students, teachers, technicians and 
electronics enthusiasts. Revised 3rd edition focuses entirely 
on re-programmable flash PICs such as 16F54, 16F84 
12F508 and 12F675. 226 pages in paperback. 


This remarkable archival collection spans nearly three decades of 
Australia's own "Radio and Hobbies" then "Radio TV and Hobbies”. 
Every article has been painstakingly scanned into PDF format 
— ready to read at your leisure on your computer (obviously, a 
computer DVD-ROM reader is required along with Acrobat Reader) 
l For history buffs, it's worth its weight in gold. For vintage radio 
p enthusiasts, what could be better? For 

anyone interested in electronics, this is 
one which you MUST have in your collection! 


NOTE: ALL PRICES ARE PLUS P&P — SEE BELOW. 


DO WILAS HU its E 
Covers all the analog electronics needed in a wide ANA 
range of higher education programs: first degrees in CIRCUITS 
electronic engineering, experimental science course, HNIQUES 


e E Te he 
4 


MSc electronics and electronics units for HNDs. Text 
is supported by numerous worked examples and 
experimental exercises. 312 pages in paperback. 


Based on popular short courses on the PIC, 

for professionals, students and teachers. Can be used 
at a variety of levels. An ideal introduction to the world 
of microcontrollers for hobbyists, students and profes- 
sionals. 255 pages in paperback. 


Many thousands of copies now sold. Two incredible 
CDs containing over 1000 classic projects, sourced 
from Scientific American over the past 73 years — 
and covering every field of science. This new "Dr 
Shawn?’ edition is the latest version — it's said to be 


NTIFIC 


x E =] 


and data. Runs with any browser. Recommended by the 
National Science Teachers Association (USA). 


ORDER NOW BY PHONE OR FA 


TAX INVOICE — SILICON CHIP PUBLICATIONS ABN 49 003 205 490 


[—] AMATEUR SCIENTIST CD ou.......sc.ccccccecscccccceeseessessesseeseesseesees $62.00 

[C] ANALOG CIRCUIT TECHNIQUES W/DIGITAL INT.................... $74.00 Your Name 

[TT ANALOG ELECTRONICS ....cccccccccsccccsecccosecsssecccsseccsssecessseessesees $97.00 PLEASE PAINT 

[J AUDIO ELECTRONICS care she. ici at $98.00 Address 

7] AUDIO POWER AMPLIFIER DESIGN... ..cccsceccssseccsseesssseceseeee $83.00 

[J] COMPLETE REFERENCE RED HAT ...cecsssccsssscescssscssseeccessessease $89.00 Postcode 

Y DVD PLAYERS AND DRIVES oscene $82.00 | 
LU] ELECTRIC MOTORS AND DRIVES.......c.ccccsccscsesscsecsesceseeesecees $52.00 Daytime Phone No. (_____) 

[7] EMC FOR PRODUCT DESIGNERS sssini $111.00 sto 

(7) INTERFACING WITH Gis... a aaa Ehon $66.00 FMa @ 

CT M'CONTROLLER PROJECTS IN C FOR AS A $78.00 Payment details: 

Y OP AMPS FOR EVERYONE „uosiai $133.00 

[T] PIC IN PRACTICE cceccscccsseccssssecssseccsssccsssecsssecsessecosssecessecssssesses $58.00 L] Cheque/Money Order enclosed OR 

[C] PIC MICROCONTROLLER - PERSONAL INTRO COURSE.......$50.00 Charge my credit card - [7] Visa Card 7) MasterCard 

[7] POWER SUPPLY COOKBOOK cernir $105.00 

7] PRACTICAL RF HANDBOOK New 4th Edition......................... $77.00 No: 

[("] PRACT. VARIABLE SPEED DRIVES/POWER ELECT. ............... $91.00 | | |_| | 

[_] RADIO, TV AND HOBBIES ON DVD-ROM .............................. $62.00 Signature __—— Card expiry date 

7] THE WIRELESS NETWORKING STARTER KIT........................ $49.00 

Y VIDEO SCRAMBLING/DESCRAMBLING oeecsc.ssscesssscsessssseeseseses: $92.00 ano et ae sp tb once oor PO 


*ALL TITLES SUBJECT TO AVAILABILITY. PRICES VALID FOR MONTH OF MAGAZINE ISSUE ONLY. ALL PRICES INCLUDE GST 


MARKET CENTRE 


Cash in your surplus gear. Advertise it here in Silicon Chip. 


(J Bankcard J Visa Card 


CLASSIFIED ADVERTISING RATES 


Advertising rates for these pages: Classified ads: $27.00 (incl. GST) for up to 20 
words plus 80 cents for each additional word. Display ads: $49.50 (incl. GST) per 
column centimetre (max. 10cm). Closing date: 5 weeks prior to month of sale. 


To book your classified ad, email the text to silicon@siliconchip.com.au and 
include your credit card details, or fax (02) 9939 2648, or post to Silicon Chip 
Classifieds, PO Box 139, Collaroy, NSW, Australia 2097. 


Enclosed is my cheque/money order for $ 


LU Master Card 


O CETE A 


or please debit my 


Signature Card expiry date____/ ç 
Name 
Street 
Suburb/town Postcode 
Phone: Fax Email 
Se ee ee eee ee a a a e 
thermistor or J T/C or Pt100 sensors. 
FOR SALE Isolated and Non Isolated RS232 to 


More control solutions for you! 
NEW Netiom UDP: a budget priced 
Ethernet card ($225) which you can use 
for control and monitoring. 

NEW Protocol Gateways: Lonworks to 
Modbus, Profibus to Modbus, Can(J1939) 
to Modbus, AB-DF1 to Modbus and more 
NEW Range of serial LCD displays and 
touch screens. Easily connected to a 
range of PLCs. 

NEW Low Cost Dual DC Amplifier 
Kit: perfect for Data Acquisition. Amplify 
signals from 1.5 to 10 or reduce signals 
by a factor of 0.7 to 0.1 

Serial Stepper Motor Controller card 
will now control motors up to 7500pps 
Motor Controllers from Pololu: we 
have a range of DC motor and servo 
motors.These motor controllers have 
been designed for robotic applications. 
Electronic Thermostats with digital 
temperature display; 2 control relays 
can be used in heating and cooling. NTC 
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RS485 converters. 

USB to RS422/RS485 converter with 
1500V Isolation, RTS or Auto Data Flow 
control. 

Signal Conditioners non-isolated and 
isolated: convert thermocouples, RTDs 
to 4-20mA or 0-10V. Fully programm- 
able. 

Stepper Motors: we have a selection 
of stepper motors for hobby and high 
torque CNC applications. 

DC Motors for both hobby and high 
torque applications. 

DC, Stepper & Servo Motor controller 
kits. 

Serial and Parallel Port relay controller 
cards. 

PIC MicroProgrammers: serial and 
USB port operated. 

Switch Mode, Battery Chargers and 
DC-DC converters. 

Full details and credit card ordering 
available at www.oceancontrols.com.au 
Helping to put you in control. 


"e Panel Antennas 

e Ceiling Antennas 

e Low-loss 500 cable 

e Connectors 

e Pigtails 

e Access Points 

o Masts 

e Amplifiers 

e Power-over-Ethernet 
e External Enclosures _ 

e Everything you f 


AMPLIFIER BUILDERS; ezChassis® 
pre-punched cabinets make all your 
DIY amplifier projects easier and pro- 
fessional looking. Matching heatsinks, 
handles and sockets. www.design- 
buildlisten.com 


MicroByte Electronics: PIC Micros 
— Development Board — Development 
tools & Components. Phone: (03) 9378 
4288. info € microbyte.com.au; www. 
microbyte.com.au 


SILICON CHIP MAGAZINES: 1989 
to 2006 18 volumes. Lot $350 ONO. 
ELECTRONICS AUSTRALIA: 1988 
to 2001 14 volumes. Lot $250 ONO. 
RADIO AND TV VALVES: 125 plus / 7 
and 9-pin. New and seconds. Lot $250. 
GAS DETECTORS (2) hand held refrig- 
erant and halogenated gases $35.00 
each. (02) 9541 4970. dcoulbec@ 
bigpond.net.au 


LEDs, LEDs, LEDs! | now have stocks 
of various NOS (new old stock) standard 
brightness and superbright LEDs, from 
just a few cents each. Brand names like 


www.siliconchip.com.au 
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O More frequent updates — every 2.5 seconds! 
O More alarm settings — over 70 parameters! 
® More highs, lows and graphs — over 80 in all! 


With the Vantage Pro2 Weather Station 
you get incredibly detailed information on: 
Wind — direction and strength 

Rainfall — current, recent patterns etc. 
Temperature — current, wind chill, etc. 
Barometric pressure — current and trends 
Humidity € dewpoint — current and 24 hrs 


And your own local forecast. You'll be 
more accurate than the weather bureau! 
Available in wired or wireless models 
(wireless transmission up to 300m!) 


ECOW ATCH 


Unit 5, 17 Southfork Ove Kilsyth, Vie 3137 
Tel: (03) 9761 7040 Fax (03) 9761 7050 
www.davisinstruments.com.au 


HI-FI SPEAKER REPAIRS 


YOUR EXPERT SPEAKER REPAIR SPECIALISTS 


Specialising in UK, US and Danish brands. 
Speakerbits are your vintage, rare and collectable speaker 
repair experts. Foam surrounds, voice coils, complete 
recone kits and more. Original OEM parts for Scan-Speak, 
Dynaudio, Tannoy, JBL ElectroVoice and others! 


03 9647 7000 


Jesigi 


ALIIA I A y 


Do you have a good circuit idea? If so, sketch it out, write a 
brief description of its operation & send it to us. Provided your 
idea is workable & original, we'll publish it in Circuit Notebook 
& you'll make some money. We pay up to $60 for a good circuit 


ELNEC IC PROGRAMMERS 
High quality Se, 


Realistic prices ae DP $, 
Free software updates = 
Large range of adaptors 

Windows 95/98/Me/NT/2k/XP 


CLEVERSCOPE 
USB OSCILLOSCOPES 
2 x 100MSa/s 10bit inputs + trigger 
100MHz bandwidth Wie 
8 x digital inputs ; 
4M samples/input ~ 
Sig-gen + spectrum analyser 
Windows 98/Me/NT/2k/XP 
IMAGECRAFT C COMPILERS 
ANSI C compilers, Windows IDE 
AVR, TMS430, ARM7/ARM9 
68HC08, 68HC11, 68HC12 


GRANTRONICS PTY LTD 


www.grantronics.com.au 

International satellite 
TV reception in your SN 
home is now affordable. 
Send for your free info 
pack containing equip- 
ment catalog, satellite 
lists, etc or call for appointment to view. 
We can display all satellites from 76.5° 
to 180°. s 

- AV-COMM P/L, 24/9 Powells Rd, 
Brookvale, NSW-2100. 
Tel: 02 9939 4377 or 9939 4378. 
Fax: 9939 4376; www.avcomm.com.au 


Printed Circuit Board Manufacture 
48-Hour service * High quality * Low prices 
; 1 offs to any quantity J 
Artwork design if required Ay; 

Call for obligation free quate...0 © 


or you could win some test gear. send your idea to: 


Silicon Chip Publications, PO Box 139, Collaroy, NSW 2097. 


HP Nichia and Toshiba included! Cree X- 
Lamp XR-E LEDs: 80 lumens at 350mA, 
160 lumens at 700mA! TA8050P bridge 
DC motor drivers just $1.50 each. 20 
character x 2 line OLED displays — use 
just like an LCD, but look much nicer 
— $39. MOSFETs, phototransistors and 
other components. Also LED lightbar 


www. siliconchip.com.au 


kits, nixie clock kits, all sorts of other 
stuff. New items added weekly! www. 
ledsales.com.au 


CLEARING ALL STOCKS of through- 


hole ICs for free. You pay $2.00 for 
post & pack. Limit 10 per customer. Go 
to www.lazer.com.au 


VIDEO - AUDIO - PC 


distribution amps - splitters 
digital standards converters - tbc's 
switchers - cables - adaptors 
genlockers - scan converters 
bulk vga cable - wallplates 
DVS5c & DVS5s 
High Performance 


Video / S-Video 
and Audio Splitters 


e. BROCE 
8OS89O00 Seecee 


sao - APOCCE 
LELLI TTT 


(eS SSC DEH DE 
220629909068 
MD12 Media Distribution Amplifier 


QUEST 
Quest AVe VGA Splitter 


HQ VGA 
Cables 


AWP1 
AV Wallplate 


Come to the | 

specialists... f 

Quesl Electronics’ Pty Limiled abn 83 003 501 282 tía Queslronix 

Producls, Specials & Pricelist at www.questronix.com.au 

fax (02) 4341 2795 phone (02) 4343 1970 
email: questav@questronix.com.au 


www. dontronicS.com has 300 selected 
hardware and software products avail- 
able from over 40 world wide manufactur- 
ers, and authors. 


Olimex Development Boards & Tools: 
ARM, AVR, MAXQ, MSP430 and PIC. 


Atmel Programmers And Compilers: 
STK500, Codevision C, Bascom AVR, 
FED AVIDICY Pro, MikroElektronika Basic 
and Pascal, Flash File support, and boot 
loaders. 

PICmicro Programmers And Compilers: 
microEngineering Labs USB programmers, 
adapters, and Basic Compilers, DIY (Kit- 
srus) USB programmers, MikroElektronika 
Basic, Pascal, DSpic Pascal Compilers, 
CCS C, FED C, Hi-Tech C, MikroElektronixa 
C, disassembler and hex tools. 

CAN: Lawicell CANUSB, CAN232 

FTDI: USB Family of IC 's. FT232AL, 
FT2452RL, also BL and others. 
4DSystems LCD/Graphics: Add VGA 
monitor, or OLED LCD to your micro. Simple 
Serial I/F. 

Heaps And Heaps Of USB Products: 
TTL, RS-232, RS-485, modules, cables, 
analyzers, CRO's, 

Popular Easysync USB To RS-232 
Cable: Works when the others fail. Only 
one recommended by CBUS. Money back 
guarantee. 


www.dontronics-shop.com 
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Do You Eat, Breathe and Sleep TECHNOLOGY? 


Opportunities for full-time and part-time positions all over Australia & New Zealand 


Jaycar Electronics is a rapidly growing, Australian 
owned, international retailer with more than 39 stores in 
Australia and New Zealand. Our aggressive expansion 
programme has resulted in the need for dedicated 
individuals to join our team to assist us in achieving our 
goals. 


We pride ourselves on the technical knowledge of our 
staff. Do you think that the following statements describe 
you? Please put a tick in the boxes that do: 


E Knowledge of electronics, particularly at component level, 
T Assemble projecis or kits yourself for car, computer, audio, etc. 
C Have empathy with others who have the same interest as you, 
May have worked in some retail already (not obligatory). 
C Have energy, enthusiasm and a personality that enjoys 
helping people. 
C Appreciates an opportunity for future advancement. 
O Have an eye for detail. 


RFMA 


| 
| 


_UHF F 'M Transceiver 


’ 
In Stock NOW! 


Rango: 25074 
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RCS RADIO/DESIGN is at 41 Arlewis 
St, Chester Hill 2162, NSW Australia 
and has all the published PC boards 
from SC, EA, ETI, HE, AEM & others. 
Ph (02) 9738 0330. sales @rcsradio. 
com.au, www.rcsradio.com.au 


PCBs MADE, ONE OR MANY. Any 
format, hobbyists welcome. Sesame 
Electronics Phone (02) 9593 1025. 
sesame € sesame.com.au 
www.sesame.com.au 


WANTED 


WANTED: EARLY HIFls, AMPLIFIERS, 
Speakers, Turntables, Valves, Books, 
Quad, Leak, Pye, Lowther, Ortofon, 
SME, Western Electric, Altec, Marantz, 
McIntosh, Tannoy, Goodmans, Whar- 
fedale, radio and wireless. Collector/ 


104 SILICON CHIP 


-RF Modu 
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| Why not do something you love and get paid for it? Please 
. write or email us with your details, along with your C.V. 
' and any qualifications you may have. We pay a 


competitive salary, sales commissions and have great 


3 benefits like a liberal staff purchase policy. 


| Send to: 

| Retail Operations Manager - Jaycar Electronics Pty Ltd 
| P.O. Box 6424 Silverwater NSW 1811 

: Email: jobs@jaycar.com.au 


Jaycar Electronics is an equal opportunity employer and 
actively promotes staff from within the organisation. 


| ao T ic li 
les @astralia 
AA = 
` A fectivity S Spe cialisi sts 


BIM2-43 3-64-5V | Applice ee À A 151.300-10 


Dr ansceive 18 
ra NC OW! č 
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Parallax Basic Stamps 

The awesome simultasking 8-core Propeller Chip. 
Lots of sensors and Development kits + Robots. 
Ultrasonics, PIR accelerometer. pg pees 
Serial LCD display, serial keypads. 


Stepper Motor Controllers & Motors 
Micro stepping up to 25,600 

fully protected industrial 

grade controllers at incredible 


prices. 

PCB mount units with full 32 de 

bit indexer capability. adi 

DIN rail mount controller for factory anpleation’ 
See our website for details and PDF file. 

Call or email us for application assistance. 
ron@nollet.com.au 


R T Nollet: Ph (03) 9338 3306; fax (03) 9338 
4596: mobile 0407 804 712. 
www.nollet.com.au 


Hobbyist will pay cash. (07) 5471 1062. 


johnmurt @highprofile.com.au 


KIT ASSEMBLY 


NEVILLE WALKER KIT ASSEMBLY 


& REPAIR: 

eo Australia wide service 

@ Small production runs 

eo Specialist “one-off” applications 
Phone Neville Walker (07) 3857 2752 
Email: flashdog @ optusnet.com.au 


Advertising Index 


555 Electronics 

Altronics 

Amateur Scientist CDs 
Alternative Technology Assoc 
Av-Comm 

Australian Defence Force 
Dick Smith Electronics 
Dontronics 

Ecowatch 

Elan Audio 

FreeNet Antennas 
Grantronics 

Harbuch Electronics 
Instant PCBs 


Microgram 

MicroZed Computers 
Oatley Electronics 
Ocean Controls 
Prime Electronics 
Quest Electronics 
RCS Radio 

RF Modules 

Rockby Electronics 
RS Components 


Sesame Electronics 
Silicon Chip Binders 
Silicon Chip Bookshop 
Silicon Chip Subscriptions 
SC Perf. Elect. For Cars 
Speakerbits 

Technic Pty Ltd 

Telelink 

Trio Smartcal 

WES Components 
Worldwide Elect. Components .. 104 


PC Boards 
Printed circuit boards for SILICON 
CHIP designs can be obtained from 
RCS Radio Pty Ltd. Phone (02) 9738 
0330. Fax (02) 9738 0334. 


www. siliconchip.com.au 


